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outstanding 
new texts from 


MACMILLAN 


PLANT LAYOUT AND DESIGN 


James M. Moore, Clarkson College of Technology 
Emphasizing application rather than theory, this book completely integrates 
all aspects of the plant layout problem and gives the student opportunity 
for practical experience through use of carefully selected problems. The 
author introduces a vital new concept—the application of quantitative 
operations research tools to increase the effectiveness of plant layout. 

In Press 


INTRODUCTORY SOIL MECHANICS AND 
FOUNDATIONS, Second Edition 


George B. Sowers, Consulting Civil Engineer, Cleveland, and 
George F. Sowers, Georgia Institute of Technology 

This text provides a comprehensive introduction to modern soil mechanics 
and its applications in engineering analysis and design. The new edition 
offers an up-to-date treatment of the theories of cohesive soil structure, the 
physical properties of clay soils, and the analysis of both shallow and deep 


foundations. New methods in soil construction and stabilization are 


stressed. 1961, 386 pages, $8.00 


PHYSICAL DISTRIBUTION MANAGEMENT 


Edward W. Smykay and Frank H. Mossman, both of Michigan 
State University, and Donald J. Bowersox, Assistant Director, 
Business Development, Railway Express Agency 

Employing quantitative analytical methods, the authors examine the prob- 
lems of optimizing the phy sical flow of goods through a network of marketing 
institutions and varying modes of transportation. Plant and warehouse 
location, operation, and planning are discussed in the context of available 
marketing and logistics alternatives. 1961, 283 pages, $6.00 


DESIGN OF MODERN STEEL STRUCTURES, 


Second Edition 
L. E. Grinter, University of Florida 
This effective text incorporates the best modern practice, important theo- 
retical studies, and recent research in an examination of steel and wood 
structures and their design. The new edition includes important material 
on ultimate-load design or plastic design of continuous beams and frames 
introduction of maximum combined stresses, and many new illustrations. 


1960, 491 pages, Iil., $10.00 


The Macmillan Company 


60 FIFTH AVENUE, NEW YORK 11, N.Y. 
A Division of The Crowell-Collier Publishing Company 
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1961 Publications 
Now Auailalle 


WATER SUPPLY AND WASTE DISPOSAL 


by W. A. HARDENBERGH and E. B. RODIE 
Public Works Magazine 


ESSENTIALS OF ENGINEERING FLUID 
MECHANICS 


by R. M. OLSON 
University of Minnesota 


KINEMATICS AND DESIGN OF MECHANISMS 


by A. COWIE 
Illinois Institute of Technology 


HEAT-TRANSFER CALCULATIONS BY 
FINITE DIFFERENCES 


by the late G. M. DUSINBERRE 
The Pennsylvania State University 


ELEMENTARY DIFFERENTIAL EQUATIONS 


by L. R. WILCOX 

Illinois Institute of Technology 

and H. J. CURTIS 

University of Illinois, Chicago Undergraduate Division 


INTERNATIONAL TEXTBOOK COMPANY 


Scranton 15, Pennsylvania 
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NEW 
BELL LABORATORIES 


RESEARCH FORESHADOWS 


COMMUNICATIONS 
AT OPTICAL 
FREQUENCI ES A revolution- 


ary new device, the continuously op- 
erating Optical Gas Maser, now under 
investigation at Bell Telephone Lab- 
oratories, foreshadows a whole new 
medium for communications: light. 


Light waves vibrate at frequencies 
tens of millions of times higher than 
broadcast radio waves. Because of 
these high frequencies, a beam of 
light has exciting potentialities for 
handling enormous amounts of infor- 
mation. 


Now for the first time, Bell Labora- 
tories’ new Optical Gas Maser con- 


tinuously generates light waves that 
are “coherent.” That is, the waves 
move in phase as seen looking across 
the beam. With further research, it 
is expected that such beams can be 
made to carry large amounts of in- 
formation. The beams can be trans- 
mitted through long pipes. They can 
be projected very precisely through 
space, and might be used for com- 
munications between space vehicles. 


Research with coherent light is 
another example of how Bell Labora- 
tories prepares ahead for communi- 
cations needs. 


The Optical Gas Maser (above) was first demonstrated at Beil Telephone 
Laboratories. Heart of unit is a 40-inch tube containing helium and 
neon. Interaction between gas atoms produces a continuous, coherent 
beam of infrared light that may one day be used in communications. 


BELL TELEPHONE LABORATORIES 


WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 


ONS 
: ; 
BBS 
RAVILLE 
)WMAN 
Y ‘ 
961. 
under the iy 
nt, Fi 


JOUR. ENG. ED.—June 1961 


UNDERSTANDING DIGITAL COMPUTERS 


By Paut Siecet, International Electric Corporation. An unusually thorough 
and easy-to-follow. exposition of the principles involved in the operation of 
digital computers and data processors. To aid, understanding, each chapter 
ends with a summary which includes a list of the i _ definitions contained 
therein. 1967. Approx. 448 pages. Prob. $7.0 


PRINCIPLES of REFRIGERATION 


By Roy J. Dossat, University of Houston. A comprehensive treatment of 
mechanical refrigeration. Theory is,correlated with practice through the use 
of many problems involving equipment selection based on manufacturers’ 
catalog data supplied in the text. Throughout, emphasis is placed on the cyclic 
nature of the refrigeration system, with each part of the system being carefully 
related to the whole. /96/. Approx. 640 pages. Prob. $10.00. 


BALLISTIC and SPACE VEHICLE SYSTEMS 


Edited by Howarp S. SE1rert, Stanford University and United Technology 
Corporation; and KENNETH Brown, Fohn Wiley 3 Sons, Inc. This book deals 
with the relationships which exist among the different parts of a missile or space 
system. The contributors are all experts who are actively engaged in important 
space and missile programs. /96/. Approx. 450 pages. Prob. $12.00. 


OPERATIONAL ELECTRICITY 


Theory, Characteristics, Applications, 
and Mode of Operation of Circuits and Machines 


By Cuartes I. Husert, United States Merchant Marine Academy. By treat- 
ing direct current as a special case of general circuit theory, this book achieves 
a new and effective integrated presentation of ac and dc circuits and machines. 
A well-conceived topical sequence leads the student —— from one important 
point to another. /96/. Approx. 512 pages. Prob. $8.50. 


PRESTRESSED CONCRETE 
SIMPLY EXPLAINED 


By Harry Kaytor, Kaylor & Pick. The prestressing of concrete is now a 
recognized method of construction which is both economical and a means for 
improving the appearance of structures. This book provides a comprehensive, 
lucid introduction to this relatively new technique. /96/. In press. 


Send for examination copies. 


JOHN WILEY & SONS, Inc. 
440 Park Avenue South, New York 16, N.Y. 
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FLUID MECHANICS 


By Ricuarp H. F. Pao, Rose Polytechnic Institute. An introductory text 
that features full, detailed explanations of the fundamentals and physical phe- 
nomena of fluid flows. The book includes a discussion of Prandtl’s boundary 
layer theory and a complete (historical) derivation of the Prandtl-Karman 
by length theory for turbulent flow. /96/. Approx. 624 pages. Prob. 

50. 


MECHANIZATION of MOTION 


Kinematics, Synthesis, Analysis 
By Lee HarrisBerceEr, North Carolina State College. Combines the funda- 
mentals of kinematics, the techniques of ideation, and new techniques of 


analysis to form a step-by-step exposition of logical procedures for synthesizing 
mechanical systems to satisfy any motion requirement. /96/. 363 pages. 
$8.50. 


OPTIMUM DESIGN of 
MECHANICAL ELEMENTS 


By Ray C. Jounson, Yale University. Presents and develops an important 
new method of mechanical design which the author has not only formulated but 
also applied with great success to many original design problems. /96/. 
Approx. 560 pages. Prob. $9.50. 


An INTRODUCTION to the THEORY 
and PRACTICE of TRANSISTORS 


By J. R. Titiman and F. F. Roserrs, both of the Post Office Engineering 
Station, London. This new introductory text features a novel analysis of the 
mechanisms responsible for the frequency dependence of transistor properties. 
1961. In press. 


MICROWAVE FERRITES 


By Perer J. B. Crarricoats, The Queen’s University of Belfast. This book 
provides an introduction to the microwave properties of ferrites and a compre- 
hensive treatment of the theory and principles underlying the operation and 
design of specific waveguide components employing ferrites. /96/. In press. 


Send for examination copies. 


JOHN WILEY & SONS, Inc. 
440 Park Avenue South, New York 16, N.Y. 
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A $50,000 POLICY 
FOR $106.50? 


This professor was delighted! 


He found TIAA's new low-cost Home Pro- 
tection Plan the perfect answer to his 
need for a great deal of insurance now 
but less as the years go by—as his 
children grow up, savings and _invest- 
ments increase, the mortgage is paid off. 


At his age of 30, a 20-year Home Protection policy providing a $50,000 initial 
amount of insurance calls for a level annual premium of $193. The cash dividend 
of $86.50 at the end of the first policy year reduces his first year net cost to $106.50, 
according to the current dividend scale. Dividends are declared once each year 
and thus cannot be guaranteed for the future. 


This level premium Term plan provides its largest amount of protection 
initially and reduces by schedule each year to recognize decreasing insurance needs. 
Insurance periods of 15, 20, 25 or 30 years are available. 


Teachers Insurance and Annuity Association (TIAA) is a unique, nonprofit 
life insurance company established by Carnegie organizations in 1918 to serve 
the field of higher education. 

Any full- or part-time employee of a college, university, nonprofit private 
school or nonprofit educational or research organization is eligible to apply for 
TIAA individual life insurance—regardless of whether the institution has a TIAA 
retirement plan. Do you qualify? If so, send for your personal illustration of the 
new Home Protection Plan (issued at age 55 or younger)—or use the coupon to 
ask for details on TIAA’s many other low-cost plans. 


We employ no agents—no one will call on you. 


Please send information on: f | 


| TIAA 
| 730 Third Avenue year policy of amount. | 
New York 17, N.Y. CO other plans available. 
Date of 
Name Birth 
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helps insure 


correct 
placement 
of trainees 


At Allis-Chalmers considerable attention is given to selecting the 
right training assignment for the man being trained. A major part 
of that attention consists of getting to know the man... his back- 
ground ... his abilities and his goals. 
Members of management meet with each trainee often to establish 
a program closely suited to the man. Because Allis-Chalmers shuns 
the “faceless” average as a measure of man’s progress, trainees are 
placed, evaluated and compensated in relation to their own abilities. 
For your copy of our placement portfolio giving latest information 
on our company and training program, write Mr. C. M. Rawles, 
Manager of Recruitment and Placement, 
Desi and producers of indus- Allis-Chalmers, Milwaukee 1, Wisconsin. 


trial systems; manufacturers of A-1427 
compressors, crushers, earth mov- 
ers, engines, kilns, motors and 
controls, nuclear reactors, pumps, 
steam and hydraulic turbines, 
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Important New McGraw-Hill Books— Jou 
THEORY OF MACHINES Jun 


By JOSEPH E. SHIGLEY, University of Michigan. The McGraw-Hill 


Mechanical Engineering Series. Ready in June, 1961. Teac! 
This is a combination volume of the author’s-KINEMATIC ANALYSIS OF MECHANISMS Do Y 
and his DYNAMIC ANALYSIS OF MACHINES (both available separately.) This is a 
junior-level text to bridge the gap between engineering mechanics courses and the profes- Morr 
sional courses in mechanical design. The tools of dynamic analysis are studied and used to 
synthesize and analyze the motions, velocities, and accelerations of many mechanisms. Encn 
Then, a more useful tool is introduced, the three-dimensional unit vector approach, for the 
solution of space mechanisms. Cou 


AUTOMATIC CONTROL ENGINEERING TE 


By FRANCIS H. RAVEN, University of Notre Dame. McGraw-Hill INTER 
Mechanical Engineering Series. Ready in September, 1961. Encr 


A text in control engineering aimed primarily at mechanicai engineers. Its aim is to develop FOR 
and explain the principles of feedback control systems in a manner appropriate to such readers. 


The first half of the book is concerned with the principles and fundamental concepts of feed- Teacl 
back control systems; the latter half correlates basic theory with the more practical aspects eac 
involved in the design of feedback systems. ENcIn 


ELECTRONIC AMPLIFIER CIRCUITS: Theory [| bow 


and Design 
By JOSEPH M. PETTIT and MALCOLM McWHORTER. Stanford “—, 
University. The McGraw-Hill Electrical and Electronic Engineering OF . 
Series. Ready in May, 1961. AN E: 
A text and reference work for electronics engineers or advanced students. Covers the AND 
present state of the art of tube and transistor circuits, yielding the maximum gain, bandwidth, 
and speed of transient response, and examines how more advanced mathematics can be Coop! 
applied to the subject to bring into sharp focus the relative limitations of the various physical 
phenomena and to provide new breakthroughs in design. How 


AN INTRODUCTION TO INFORMATION Cand 
THEORY AN E\ 


By F. M. REZA, Syracuse University. The McGraw-Hill Electrical and 
Electronic Engineering Series. Ready in July, 1961. Currt 


This book will consist of an introductory treatment of basic concepts in probability theory, ENC 
followed by an introductory treatment of information theory concepts. Designed for a two- 
semester course for first year graduate students. 


COMPUTER-CONTROL SYSTEMS OF ] 
TECHNOLOGY What 


Edited by C. T. LEONDES, University of California, Los Angeles. The Secti 
University of California Extension Series. Ready in August, 1961. 


This book, developed from a series of lectures offered at various centers in California, com- Index 
bines a unified, integrated treatment of computer-control systems technology with the presen- 
tation of a number of currently significant applications. The first sections of the book deal Ind ex 


with the theory of digital and analog computers. Then control theory is studied. Finally 
these two fields are blended by considering the development of some systems of varying 


degrees of difficulty.”*: Index 
Send for copies on approval Notes 

Marte! 

McGraw-Hill Book Company, Inc. PROCE 

330 West gond Street New York 36, N. Y. ENGIN 
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Teaching Positions Wanted 


ELECTRICAL ENGINEER WITH EX- 
tensive international industrial experi- 
ence wishes to enter teaching. Holds 
Professional Electrical Engineering De- 
gree from major U. S. university. Ex- 
perience in manufacturing, research, and 
power transmission installation, mainte- 
nance, and operation. Please direct in- 
quiries to 51-15, Journal of Engineering 
Education, University of Illinois, Urbana, 
Illinois. 


POSITION DESIRED. PROFESSOR 
of mechanical engineering (M.S. degree 
and reg. Prof. Engr.) wants administra- 
tive or teaching position in college, insti- 
tute, or industry in which excellence of 
teaching is recognized as of first impor- 


774 


(teaching machines). 


tance. Experienced in administrative 
and engineering work in industry and | 
in university teaching. Experienced in 
industrial training and use of training) 
aids. In conjunction with present teach | 
ing doing work in programmed learning” 


quest. Write 51-14, Journal of Engi 
neering Education, University of Illinois,” 
Urbana, Illinois. 


CIVIL ENGINEER—Px.D.—9 YEARS) 
experience teaching and research in plait 
and reinforced concrete while getting de 
gree. Seek change for Sept. 61 or 2 
Write 51-13, Journal of Engineering 
Education, University of Illinois, Urban) 
Illinois. (Continued on page 860)” 
Jrl. Eng. Ed., V. 51, No. 10, June 196 


Resume on re, 


rently 
neeril 
230 a 
This | 
by W 
Depa: 
Welfa 
Next 
then | 
« 
Isn’t 
straig] 
stituti 
ferent 
letin | 
from § 


Gover 
5D 


> | 
depar 
desigr 
chang 
Mater 
Engin 


neerin 


was d 


 metall 
 ticulu 


discont 
ing Er 


i> 


appliec 
gineeri: 


This js 


Do 
> 
Unive 
The 
come 
A. H. Cooper 
R. O. Darling 
ae A. W. Davis 
J. T. Elrod 
Amy V. Hall 
E. W. Jacunski 
J. J. Kauzlarich 
Arthur Lesser, Jr. 
: G. A. Marston 
: Jeanne I. Miller 
W. E. Miller 
4 J. H. Moriarty 
: S. P. Olmsted 
W. E. Restemeyer i 
J. A. Roberson 
| R. A. Sencer 
: : G. Reed Shaw 
: G. D. Sheckels 
: W. F. Stokey 
R. E. Swift 
B. H. Ulrich, Jr. Fy 
| H. L. Wakeland 
gram. 
the in 
nology 
> 
univer: 
in the 
are 95 
: 213 mi 
Univer 
|_| 


eritus ) 


rinistrative 
lustry and | 
rienced in| 
yf training 
sent teach | 
d learning 
ne on Ie) 
of Engi 
of Illinois) 


a 


9 YEARS” 
ch in plain” 
getting de 
61 or 
ngineering | 
is, Urbana | 
page 
10, June 196! 


Do You Know 


p That the Annual Meeting is at the 
University of Kentucky, June 26-30? 
The Blue Grass Country is ready to wel- 
come you. 


p That 348 academic degrees are cur- 
rently conferred by the colleges of engi- 
neering in the United StatesP About 
930 are offered by only one school each. 
This is reported in “Academic Degrees,” 
by W. C. Fells and H. A. Haswell, U. S. 
Department of Health, Education and 
Welfare. No other field has so many! 
Next in order is education with 250 and 
then business with 175. Isn’t this a hor- 
rible distinction for engineering to have? 
Isn’t this a mess we ought to be able to 
straighten out? The 2,000 or more in- 
stitutions reporting offer about 1600 dif- 
ferent degrees. Order OE-54008, Bul- 
letin 1960, No. 28, “Academic Degrees,” 
from Superintendent of Documents, U. S. 
Government Printing Office, Washington 
25, D. C., $1.00 per copy. 


> That slowly but surely engineering 
departments are being more realistically 
designated? § Rensselaer Polytechnic 
changes Metallurgical Engineering to 
Materials Engineering, and Aeronautical 
Engineering becomes Aeronautical Engi- 
neering and Astronautics. The former 
was done to recognize that work in non- 


: metallics will be included in the cur- 


ticulum to achieve a well-rounded pro- 
gram. The latter was done because of 
the inclusion of programs in Space Tech- 
nology. 


> That the number of colleges and 
universities granting a degree in mining 
engineering has dropped from 34 to 29 
in the past three years? Currently, there 
are 950 enrolled, and in 1960 there were 
213 mining engineers graduated. Lehigh 
University is the latest to announce the 
discontinuance of a Department of Min- 
ing Engineering. 


> That over 200 engineering teachers 
applied for the summer institute for en- 
gineering teachers offered by Penn State? 
This is the second year the institute is 


being offered. The applicants came from 
105 different schools. Many will be dis- 
appointed, because the capacity of the 
institute is 70. The Ford Foundation 
supports the program by virtue of a grant 
to Penn State. 


B That courses on the use of com- 
puters and the applications of computer 
methods are increasing rapidly in IE cur- 
riculaP The 1961 Newsletter of the IE 
Division lists comments ab-ut course ad- 
ditions and ideas trom 42 schools, and 
15 mention courses in or applications of 
computer methods. Two other observ- 
able trends are an increased emphasis on 
reliability and an increase in mathemat- 
ical requirements. In the “Letter From 
the Chairman,” H. T. Amrine states, 
“One disturbing note pervaded our ses- 
sions, and that was the almost complete 
absence of members from industry. If we 
are to have a true forum, we must get 
industry’s viewpoint and this can be 
achieved only by having members from 
industry present at our meetings. Thus, 
the Executive Committee would like to 
request each member of the Division to 
share this responsibility and to encourage 
members from industry to join ASEE and 
to attend our meetings.” 


& That it is not too late to make plans 
to attend the Annual Meeting? You 
won't be the only one who did not pre- 
register. 


B® That the English Speaking Union 
will again sponsor an exchange of teach- 
ers in technical institutes in Great Britain 
and the United StatesP One exchange 
involving two people from each country 
will take place in the spring semester and 
another in the fall semester. Unlike the 
1960 program, administrators are eligible 
in 1961. Participants spend 56 days 
studying technical institute education in 
the opposite country. The grant is suf- 
ficient to cover minimum expenses of 
travel and _ subsistence. Application 
forms are to be obtained from A. Ray 
Sims, Chairman, Technical Institute Di- 
vision of ASEE, College of Technology, 
University of Houston, Houston 4, Texas. 
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pw That the number of representatives 
from industry attending the meeting of 
the Southeastern Section has increased 
from 3 to 32 in four yearsP The Section 
has an active RWI Division under the 
chairmanship of Professor F. T. Carroll, 


Jr. of LSU. In addition to promoting 


attendance at the Annual Meeting of the 
Section, the RWI Division also is promot- 
ing membership among a list of 350 
companies in the Section. Through the 
efforts of RWI two of the schools in the 
Section have had one-day meetings at 
which people from industries in the area 
are invited to the campus to meet with 
the dean and his faculty in order to be- 
come well acquainted personally and with 
each other’s interests. Perhaps other 
Sections will want to follow this type of 
worthwhile activity. 


B® That the first Inter-American Con- 
gress on Chemical Engineering will be 
held at San Juan, Puerto Rico on Octo- 
ber 23-28, 1961? It is hoped that all 
countries in South, Central, and North 
America will participate in the program 
intended to serve as an exchange of 
ideas, knowledge, and experiences con- 
tributing to the advancement of chemical 
engineering. The director of the Con- 
gress is Rafael Munoz, President of the 
Puerto Rico Institute of Chemical Engi- 
neers, P.O. Box 47, Rio Piedras Station, 
San Juan, Puerto Rico. 


B® That the First International Con- 
gress on Experimental Mechanics will 
be held on November 1-3, 1961, in New 
York City? The meeting is cosponsored 
by the Society for Experimental Stress 
Analysis, ONR, OSR, and the Applied 
Mechanics Division of the ASME. Some- 
what related to this meeting is the Inter- 
national Symposium on Photoelasticity 
to be held on October 29-31, 1961, at 
the Illinois Institute of Technology. 
The Symposium is sponsored by the 
OOR, IIT, and SESA. What happened 
to ASEE and its Mechanics Division? 


B® That an International Measurement 
Conference will be held in Budapest 
June 25-July 1, 1961? Papers on the- 
ory and practice of instrument design or 
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manufacture; instruments and methods 
for measuring geometrical, mechanical, 
thermal, physico-chemical, electrical, and 
magnetic quantities; and time frequency 
and radioactive radiation are among the 
topics on which papers will be presented, 
There also will be an_ international 
measurement and instrument show. In 
formation regarding the conference can 
be obtained from Mr. Gyorgy Striker, Ex. 
ecutive Secretary, IMEKO 1961, Buda. 
pest 5, POB. 3. 


Bb That a Conference on Engineering 
Education and Industry sponsored by the 
Organization for European Economic 
Cooperation was held at Baden-Baden 
on April 10-13? The purpose of the 


Conference was to enable industrial, gov. | 


ernmental, and educational authorities 


to discuss and compare the different na. | 


tional experiences in developing such co 
operation and to formulate the general 
principles which, when adopted by policy 
makers, will further strengthen the in 
dustry-education partnership. The five 
basic papers presented for discussion are 
The Technician, The Professional Engi- 
neer, Further Engineering Education, 
The Training of Talented Individual 
Already in Industry, and Industry’s Con- 


tribution to Resources for Education | 
Four papers published in the Journal! 


OF ENGINEERING EpucaTIon during the 
past two years were reproduced, trans-| 


lated into French, and distributed to at 


tendees. 


B® That if you have never brought you 
family to the Annual Meeting you shoul! 
decide to do so now? Let them also cul 
tivate friendships at other institutions. 


That accumulated engineering lite- 
ature for 1960 is now being compiled fa 
dissemination on a world-wide basis in| 
the Engineering Index for 1960? A) 
trained staff of engineering linguists 7 
views each issue of over 1800 engineer) 
ing and technical publications as the) 
are issued each week or month. Las|_ 
year they selected and annotated mot” 
than 34,000 articles covering 249 “fell” 
of interest” divisions of Engineering. The! 


articles were published in 44 countries) 
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and in more than 20 languages. Each 
annotation is supplied on a 3 X 5-inch 
library card, there being sufficient infor- 
mation for the reader to decide whether 
the article is of interest. If the article is 
not available in a local library a photo- 
stat or microfilm copy of the entire article 
can be ordered from Engineering Index; 
the publications are kept on file in- 
definitely in the Engineering Societies 
Library in New York. If you wish to 
get a current catalog, without charge, 


write to the Engineering Index, 29 West 


39th St., New York 18, New York. 


p That an interesting series of publi- 
cations on higher education in the U. S. 
are available from the Institute of Inter- 
national Education? Those within and 
outside of educational institutions work- 
ing with students from abroad who wish 
to study in the U. S. will find the booklets 
helpful. The newest on the list is the 
Land-Grant College and State Univer- 
sity in the U. S. A. The others are: 
The Liberal Arts College in the U. S. A., 
Graduate Study in the United States, 
and The Two-Year College in the U.S.A. 
All are available from IIE at 1 East 67th 
Street, New York 21, New York, for 15¢ 
per copy. 


B® That the AAAS has a man on its 
staff whose only function is “improving 
public understanding of science?” AAAS 


also has a section on engineering of which 


_ C. E. Davies of the United Engineering 
_ Center Project in New York and L. K. 


ought your j 
you should 
n also 


‘itutions. 


Wheelock, Secretary of Engineers Joint 
Council, are Chairman and Secretary, re- 
spectively. The member-at-large from 


| engineering who is on the Section Com- 


_ mittee is R. Karl Honoman of Bell Tele- 


ering liter 
mpiled for” 
le basis in) 
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nguists 
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ated mot” 
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phone Laboratories. For the year, $624,- 


_ 833 were received in grants for special 


studies. The income of the AAAS, other 
than from grants, was $1,388,000, which 


_ exceeded expenditures by about $150,- 


000. It is interesting to note that this 
income is approximately 10 times that of 
ASEE. 


> That there is a rumor that a moon- 
shiner’s still will be on exhibit at the 
Annual Meeting? The Internal Revenue 
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Service, however, has not yet given per- 
mission for operation. 


pw That in order to improve the read- 
ing abilities of adults the “National Read- 
ing Research Foundation” (NRRF) has 
been chartered? Speed-reading training 
workshops throughout the country are to 
be conducted. Funds realized from the 
programs will be used to support badly 
needed research on the sociology and 
psychology of reading. It is estimated 
that 15%, or 2.3 million of the school 
children are 2 or 3 grades behind in abil- 
ity. The average adult is only 20% to 
40% efficient in reading skill! It is 
claimed that only 17% of American 
adults read any books at all, as compared 
to 34% in Australia and 51% in Eng- 
land. Lastly, a 1956 Gallup Poll showed 
that 26% of the country’s college gradu- 
ates had not read a single book in the 
preceding year! Temporary headquar- 
ters of the NRRF is 1105 East Ohio 
Building, Case Institute of Technology, 
Cleveland 6, Ohio. 


B® That industrial managers feel that 
companies are doing more to advance 
professionalism than engineers give them 
credit forP One out of four engineers 
believe they are thought of as second- 
class professionals, but no industrial man- 
agers agree with them; 61% of the en- 
gineers think there is considerable mal- 
utilization of engineers, but only 30% of 
industrial managers agree; more than 
half the engineers in industry think that 
higher pay would advance the engineer- 
ing profession, but only 20% of indus- 
trial managers agree; 90% of the man- 
agers rated engineers among the most 
valuable employees, but only 52% of the 
engineers felt that they are so regarded. 
The report, prepared by the Opinion Re- 
search Corporation for the Professional 
Engineers Conference Board for Indus- 
try, in cooperation with the National So- 
ciety of Professional Engineers, concludes, 
“Many of these programs and _ policies 
are not now getting through to engineers 
if companies are doing all the things 
they say they are.” Copies may be ob- 
tained from the Professional Engineers 
Conference Board for Industry, 2029 K 


| 
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Street, N.W., Washington 6, D. C. for 
$2.00 per copy for members of NSPE or 
$4.00 for non-members. 


Bb That one of the statements made 
about the observations of EJC’s team 


visiting the USSR, Feb. 1961 JourNAL,’ 


is not entirely correct? Dr. W. E. Lobo, 
Chairman of the group submits the fol- 
lowing correction. “It is the present 
plan, or goal, that of those admitted to 
full-time, i.e. daytime, attendance at the 
schools of higher education, not over 
20% may come directly from the second- 
ary schools. The remaining 80% are 
first to spend two years in industry be- 
fore being permitted to continue their 
education.” Apologies are extended. 


& That Effective College Recruiting 
is a book published in April? Question- 
naires and interviews with more than 
100 company recruiters and several hun- 
dred University of Michigan business stu- 
dents are included in the study. In addi- 
tion, 135 recruiting brochures were an- 
alyzed. The results seem to be that al- 
though business men preach the gospel 
of free enterprise on a speaker’s platform 
they are loathe to mention it in their col- 
lege recruiting brochures. Dr. G. S. 
Odiorne, Director of the Bureau of In- 
dustrial Relations, states, “With the ex- 
ception of a few public accounting firms, 
you could read all these brochures and 
never get an inkling that the company 
expected a good day’s work,” and “De- 
spite emphasis on opportunities to rise, 
there was little mention that people 
should expect to shoulder heavy respon- 
sibility as the price for success.” 


p That ASEE membership has reached 
10,000 for the first time in history? 
Come to the Annual Meeting to help 
celebrate the occasion. 


~& That college and university libraries 
are facing some real problems? Since 
the strength of the library is a reliable 
gauge for measuring the excellence of the 
total program of higher education in a 


given institution, it is well that everyone 
give occasional consideration to engi- 
neering libraries. Size is important, but 
adequate service is still more important, 
How the collection is housed and used, 
and the administrative competence of the 
professional staff make a difference in 
quality. Not only are the libraries con. 
fronted with the problem of more books; 
they also must meet the increased space 
needs of the larger faculties and student 
bodies to come during the next 10 years, 
The medium expenditure for university 


and college library service at the present | 


time is approximately $43 a year for 
each student enrolled, but institutions 
known for the strength of their libraries 
budget several times that amount. Any 


future budgeting merely to maintain al- | 
ready established libraries will be inade. | 


quate. These are some of the ideas 
gleaned from “Wake Up and Read,” No. 
20 in a series of leaflets on the nature 


and needs of higher education in the | 
U. S. prepared by the Council for Finan. | 


cial Aid to Education, Inc., 6 East 45th 
St., New York 17, N. Y., 15¢ per copy. 


B® That a “National Committee fo 


’ Fluid Mechanics Films” has been organ- 


ized? The members are A. E. Bryson, 
Donald Coles, Stanley Corrsin, S. J. 
Kline, Hunter Rouse, A. H. Shapiro, 
Chm., and Hsuan Yeh. The purpose of 
the committee is to bring into being a 


series of films for instructional purposes) 
in Fluid Mechanics. A proposal 
financial support will be prepared andj} 
request for funds will be made to 2) 


foundation. One film, “The Fluid Dy: 


namics of Drag,” already is in existence | 


and a second, “Vorticity,” is nearly com- 


work of the committee should be directed 
to A. H. Shapiro at MIT. 


tience is appreciated. 


W. LercuTron Co..ins 
Secretary 
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More Effective Engineering Faculty Utilization 


ALVIN C. EURICH 


Vice President and Director, The Fund for the 
Advancement of Education and Executive Director, 


Education Division, Ford Foundation 


More than anyone else in our society, 
engineers and scientists have contributed 
the tools which have completely revolu- 
tioized modern communication. Their 
ingenuity has made possible motion pic- 
tures, film strips, slides, records and 
phonographs, radios, magnetic tape, 
micro-film, teaching machines, com- 
puters, and color television. With the 
likely addition of the third dimension, 
television may soon reach the ultimate in 
its power to transmit realistically the hu- 
man personality and other natural re- 
sources for learning. Further advances 
in satellite design seem likely to extend 
the effectiveness of mass communication. 
Our devices will transmit more informa- 
tion with greater impact, will reach more 
persons over farther distances more 
quickly than ever before. 

The engineer's inventiveness has 
brought about not only new tools, but 
also new types of analyses which have 
increased the efficiency of our industrial, 
agricultural, and administrative processes. 
Time and motion studies and quality 
control, now regarded as fundamental 
for many of our operations, are but a 
few examples. 


But curiously, after contributing all of 
_ these important new inventions, the en- 
gard to the 
be directed | 
_ With few exceptions, they have not even 


gineers have left largely to others the 
purposes for which these should be used. 


bothered to use them for their own needs 


Abstract of an address at the Mid- 
winter Conference for Research on 
Engineering Faculty Utilization held 
at the Westinghouse Educational 
Center under the auspices of the 
American Society for Engineering 
Education, Pittsburgh, Pennsylvania, 
January 9, 1961. 


to communicate: specifically, for the 
teaching of engineering students. And 
yet, education is clearly a process of 
communication, whether its setting is the 
engineering college, the research labora- 
tory or the job. Logically speaking, it 
also demands the efficient use of avail- 
able teachers to transmit whatever they 
have to say to students. Given this gap 
between the invention of the tool and its 
use to further education, the question 
of better utilization of engineering faculty 
takes on added significance. 

There is every reason to believe that 
the thoughtful application of engineering 
techniques would result in greatly im- 
proved education for our youth. Cer- 
tainly the tremendous strides made in 
other areas amply justify such hope. 
Technology applied to agriculture, for 
example, has reduced the percentage of 
gainfully employed people required to 
raise our food by 10% every 20 years, 
from almost 38% in 1900 to 8% in 1960. 
At this rate, our agriculture should be 
carried on wholly by automation in an- 
other 20 years! 

In industry, the applications of tech- 
nology to produce more goods per man- 
hour are so numerous that the horizons 
are without limit. Because of these de- 
velopments we passed a major milestone 
only a few years ago when for the first 
time in any country’s history the number 
of “white-collar” workers outnumbered 
those in “blue-collar” jobs. This trend 
will almost certainly accelerate in the 
years ahead. 

In medicine, innovation means that 
90% of the drugs prescribed today were 
wholly unknown just 20 years ago, in 
1940. And in this same period, our 
average life expectancy has risen by 7 
years. 
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Such progress has not occurred by 
chance. Rather, it has come about 
through recognition of critical problems 
and the flexible use of new knowledge 
in the search for their solution. In this 
connnection the Stanford Research Insti- 
tute immediately comes to mind because. 
I was so deeply involved in setting it 
up some years ago. The Institute was 
established because several industrial 
leaders, notably Atholl McBean, and 
some of us at Stanford University were 
aware that major problems in industry 
and in government, such as the use of 
water and the control of smog, rieeded 
the full-time attention of a highly com- 
petent technical staff. After borrowing 
several hundred thousand dollars, we en- 
gaged Jesse Hobson as Director. He 
brought together the team that tackled 
the problems. Now, only 13 years later, 
the Institute conducts a total volume of 
research running more than $25 million 
yearly with a staff of 3,000 people. It 
has pioneered in combining economic 
analysis with technical work. In order 
to bring about more efficient operation, 
it has developed new products, set up 
new industrial plants and relocated old 
ones. To name only a few more of its 
outstanding accomplishments, it designed 
and built the computer for the Bank of 
America; discovered that the automobile, 
not the refinery, was the major offender 
in the creation of smog; and worked out 
development plans for such diverse areas 
as Indian tribes, large urban districts, the 
Hawaiian Islands, Italy, and various 
countries in South and Central America 
and Asia. Furthermore, out of this 
whole enterprise, in slightly more than 
a decade, have come an impressive num- 
ber of people who have founded their 
own businesses or are now senior execu- 
tives in major corporations scattered 
throughout the country. 

What, you may wonder, has all this to 
do with faculty utilizationP I am sim- 
ply suggesting that we take careful note 
of the progress made through technology 
in agriculture, industry and medicine. 
Or, from another angle, that we observe 
the success of an approach such as the 
Stanford Research Institute’s where a 
highly competent technical staff is 
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brought together to apply its skills to 
finding new answers to recurring prob. 
lems. And I am suggesting further that 
this general approach is equally applica. 
ble to education (including that of engi. 
neers )—that education requires the same 
degree of full-time attention from an in. 
telligent, technically competent staff. 

Given the outstanding success of the 
engineering approach to solving other 
problems, it is surprising how little it has 
been tried out in education. Over the 
years, education stands virtually alone 
with its major problems unsolved, hardly 
touched by those advances in technology, 
invention and efficiency that have trans. 
formed modern life. And yet the crucial 
problem of education at all levels—the 
quantitative and qualitative shortage of 
teachers—is also central to the instruction 
of engineers. 

The shortage of engineering teachers 
is especially disturbing because of com- 
petition for the same people from non- 
academic fields. Only for engineers and 
scientists does the Sunday New York 
Times print separate pages of want ads 
—an average of about 12 full pages 
week, 624 per year! Recruiters flood the 
campuses to sign up new engineering 
seniors even before they have their de 


grees and the beginning salaries offered 


are generally above those which othe 
college graduates receive. 


But even though engineering wer) 
able to attract a larger number of stu) 


dents and faculty, this would still no 
meet a more important aspect of deman/ 
—that generated by the growth and com: 


plexity of new knowledge in new indu 


tries such as electronics, missiles, mv) 
cleonics, chemistry and drugs. As Fret- 


erick Terman has said, “The speed witi 


which the orientation will shift towar) 
fundamentals in engineering and scien) 
will be limited only by the inertia ¢_ 
existing faculties and by the existing 0 
ganizational structures in education!) 


institutions.” 


We are slow to change educatio” 
Over and over again, fixed formulas, su) 
as small class size, hamper innovatio” 
Engineering in other fields follows th 


general theme of doing more, doing‘ 
better, and with fewer people. 
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cation, on the other hand, the traditional 
theme for improvement seems to be do- 
ing less per person. The ideal is Mark 
Hopkins on one end of a log, a student 
on the other. But what President James 
A. Garfield actually said was: 


“If I could be taken into boyhood days and 
had all the libraries and apparatus of a 
university with ordinary routine professors 
offered me on the one hand and on the 
other a great, luminous, rich-souled man, 
such as Dr. Hopkins was twenty years ago, 
in a tent in the woods alone, I should say 
give me Dr. Hopkins for my college course 
rather than any university with only routine 
professors.” 


We need now to apply the engineering 
formula to education. 


Signs of Progress 


Recently there have been signs of 
progress. Under the pressure of grow- 
ing faculty shortages and mounting en- 
rollments, efforts are underway to im- 
prove the utilization of engineering fac- 
ulty. It might be useful at this point to 
summarize some of the results to date as 
I see them. 


1. Class size. Experiments have been 
carried out at Rensselaer, the University 
of Kentucky, Washington State Univer- 
sity, Texas A. & M. In general, the re- 
sults indicate that students learn as much 
or more in large classes as in small ones 
but that faculty members prefer small 
classes. 

2. Television. Experiments have been 
conducted at Case, Purdue, the Univer- 
sity of Akron, the University of Illinois, 
the University of Minnesota and Penn- 
sylvania State University. Again, in gen- 
eral, students learn as well with televised 
instruction as in regular classes, but fac- 
ulty members tend to prefer the conven- 
tional teaching methods. 

3. Independent study. Although no 
experiments in engineering education 
have focussed primarily on this approach 
to better utilization of faculty, Purdue 
and the University of Akron have com- 
bined televised instruction with planned 
increases in independent study. Rens- 
selaer combined changes in class size 
with more independent work. The re- 
sults are consistent with those found in 
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other fields showing that the student 
learns more when he is given greater re- 
sponsibility for doing so. In addition, 
there is a distinct advantage in the fac- 
ulty time saved. 

4, Assistants and aides. Experiments 
at Akron, Brown, Rensselaer and the Uni- 
versity of Kentucky have resulted in the 
better use of the professional competence 
of scarce senior faculty. Student assist- 
ants were widely used in these experi- 
ments with profit to their own learning 
as well as to the students being taught. 
Very often this experience unexpectedly 
stimulated the young engineers to enter 
the teaching profession. 

5. Teaching machines and programmed 
learning. Teaching machines of various 
sorts are being tried out in some engi- 
neering courses. Industry is also using 
them for the technical training of em- 
ployees. A programmed text, The 
Arithmetic of Computers, has just been 
published for self-instruction. 

Experiments with programmed instruc- 
tion at various grade levels show con- 
sistently that students learn more in less 
time. One authority says he now has 
evidence showing that students learn 
twice as much in the same amount of 
time. A more conservative estimate 
comes from a Hamilton College experi- 
ment in teaching logic with mechanical 
aids and programmed lessons: “We sus- 
pect that there is close to a 50% increase 
in overall efficiency.” 

These results, together with industry’s 
continuing use of such devices in its em- 
ployee training programs, suggest that 
the use of programmed learning will 
yield equally good returns in formal en- 
gineering education. 

In all of these new procedures for bet- 
ter utilization, it is clear that there is no 
loss in learning. The net results, on the 
contrary, show a distinct gain in the 
amount learned, in the saving of student 
and faculty time, in the earlier develop- 
ment of student independence and initia- 
tive, in the recruitment of young engi- 
neers to the teaching profession and in 
the exposure of more students to top 
teachers. 

And still, education resists change. 
Traditional modes of instruction are ac- 


‘ Leg 
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cepted on faith, but we insist on evidence 
and proof concerning the new procedures 
such as we have never demanded for the 
old. Innovations are viewed with sus- 
picion and approached with demands for 
unattainable rigor. For educational 


processes, however, whether experimen- - 


tal or traditional, it is virtually impossible 
to attain the kind of proof that is de- 
manded in the physical sciences because: 
(1) our objectives are less clear; (2) our 
measuring devices are crude; and (3) 
the multitude of human variables can 
neither be defined nor fully controlled. 
This inherent ambiguity is still no reason 
to reject what we do know on a practical 
level. We can reasonably ask whether 
students learn as much or more under 
new conditions as under old, as meas- 
ured by our present crude means of 
observation, and can abide by the an- 
swers. On these grounds, and on the 
basis of evidence that has accumulated, 
we can have greater faith in new tools 
and new arrangements for learning than 
we can have in traditional practices. 

Obviously there is no magic device, 
gadget, or arrangement that will solve 
all our educational problems. We need 
to bring together all our resources for 
learning in the combinations most effec- 
tive for given situations. If we could 
achieve the integrally balanced arrange- 
ment of all the components of a learning 
situation in the same way that we have 
achieved the balance advertised in stereo- 
phonic high fidelity systems, for example, 
our students would undoubtedly learn a 
great deal more in much less time. The 
fact that we have not yet attained this 
level in education is no reason not to 
seek it continually. 

It is equally clear that we cannot get 
final answers through research at this 
time on the effectiveness of class size, 
television or motion pictures, independ- 
ent study, human aides, or other devices. 
What, then, are we groping for when we 
deal with the problem of better faculty 
utilization? What are the questions for 
which we must find answers now? 


Some Possible Answers 

Foremost, we must solve the problem 
of the acute shortage of able teachers. 
We know now that not enough highly 
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qualified people will be available to teach 
the number of students we will soon have 
in our engineering schools—in fact, in 
any part of our educational system. And 
because the quantitative problem is in. 
soluble, and perhaps not even as import. 
ant as the question of excellence, we 
must adopt the attitude that we want to 
find ways of doing a better job with 
fewer people. The creative imagination, 
energy and technical competence that 
have been displayed in our industrial and 
scientific growth as a nation must now 
be applied to education. This is bas- 
ically a question of “engineering” the 
teaching situation. 

But to transform such aspirations into 
educational accomplishments, we must 


devise a machinery for change. And in | 


order to make this effective, it must func- 
tion at every level: federal, state, local 
and institutional. We need groups in 
education that are devoting full time to 
innovation. 

Last June I suggested to the Gover- 
nors at their meeting at Glacier National 
Park that each state set up a Commission 
on Educational Development. It would 
be the task of this Commission to look 
constantly to the future and to devote its 
entire attention to the improvement of 
education in the state. 
Commissions could not follow a uniform 


pattern; their organization would vary © 
But in every case, © 
these Commissions should create an at- _ 


from state to state. 


mosphere in education which is compar- 


able to that in agriculture, industry or | 


medicine and says: “Each year we cat 
and will do the job better.” The mem- 


Obviously, such | 


bership of such a Commission should be 
of the highest caliber, comparable to the 
members on the Board of Regents or 


Trustees of the state university, and it _ 
should work with a highly qualified staff. E 
The Commission would have no admin- _ 


istrative responsibilities. 


tions: 


(1) It would sponsor new experiments q 
designed to provide higher qual 
ity education with due regard for _ 


efficiency and economy; 
(2) It would disseminate information 


about new developments not only | 


It would serve primarily four fune- : 
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within the state but. throughout 
the country; 

(3) It would promote the adoption of 
such new developments as have 
been tried and found successful; 
and 

(4) It would issue an annual report 
and recommend necessary legisla- 
tion. 


The Commission on Education Devel- 
opment should be financed on the basis 
of a fixed percentage of the state’s budget 
for education—at something of the mag- 
nitude of 0.5%, to start with. From such 
an appropriation, it should be authorized 
to make grants to educational institutions 
for experiments designed to improve edu- 
cational methods. 

Such Commissions could be supple- 
mented with a federal and with local 
institutional Commissions. They could 
render the same services to education 
that agricultural research stations have 
rendered to agriculture, that research and 
development groups have rendered to 
industrial growth, and that health insti- 
tutes and pharmaceutical research have 
rendered to medicine. Together they 
would create in education an atmosphere 
that seeks new and better answers. 

Perhaps one of the best ways for get- 
ting such a movement underway would 
be for each engineering school to set up 
a development group concerned wholly 
with the improvement of instructional 
procedures, with doing more and better 
teaching with a larger student-teacher 
ratio. Once developed this could be- 
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come a new field for engineers compar- 
able to industrial management engineer- 
ing. The procedures devised in the en- 
gineering schools could be extended to 
other colleges and universities—indeed, 
to the entire educational system. Through 
such a concerted effort we would learn 
how with the tools at hand we could 
make much better use of our professional 
competence in teaching. 

For after all, the total effort in edu- 
cation must be concerned with the in- 
telligent utilization of our teachers and 
any new means of communication that 
may enhance learning. We have ample 
resources—human, natural and financial— 
to effect vast improvement in our educa- 
tional program and to make its progress 
commensurate with other areas of our 
society. In this fast-moving world, our 
orthodox procedures in education are 
inadequate. Antiquated techniques, an- 
tiquated customs and concepts have 
acquired a sanctity much beyond their 
merit. They must be desanctified, un- 
frozen, re-examined, revitalized. We 
must encourage a creative, restless, and 
positive concern for improving the qual- 
ity of education so that each individual 
in this democratic society can become all 
that he is capable of being. In view of 
our resources for more effective and effi- 
cient communication, this is basically a 
problem for engineers. If they demon- 
strated how the new tools which they 
have given us can best be used in edu- 
cation, they could help modernize our 
whole educational system. 


MATERIALS SCIENCE AT CINCINNATI 


The department of chemical and metallurgical engineering at the University of 
Cincinnati has announced a new area in which graduate students in the department 


can major. 


This area will be known as materials science. Work leading to both 


the master of science and doctoral degrees is offered. 

The university’s new advanced studies are a direct outgrowth of pressing national 
needs for new materials of many types, according to Dr. William Licht, professor and 
head of the department. Cincinnati is among the first universities in the country to 
offer such a program. Other institutions introducing it include: Northwestern, Stan- 
ford, and Cornell universities, he said. The program will be under the chairmanship 
of Dr. Michael Hoch, Cincinnati University professor of metallurgical engineering. 
Students can enter the program from undergraduate backgrounds in either engineering 


or chemistry and physics. 


| 
| 
| 
— 
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| 
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Engineering Manpower and Public Attitude 


S. B. INGRAM 


Chairman, Engineering Manpower Commission 


of Engineers Joint Council 


The problem of providing an adequate 
supply of trained technical manpower to 
staff our increasingly complex technolog- 
ical civilization is one of the central 
problems of our time. For more than 
a decade we have experienced a per- 
sistent shortage of engineering and sci- 
entific personnel. There are sound rea- 
sons for thinking that this shortage may 
be a continuing phenomenon and, in 
fact, may be expected to become pro- 
gressively more acute in the future. A 
brief recounting of the history of the en- 
gineering manpower problem and of the 
public attitude toward it is of interest. 

Between World War II and the Korean 
War, the technological labor force seemed 
fully capable of satisfying the demands 
made upon it. Defense activity was only 
moderate under postwar military re- 
trenchment, but engineering employment 
steadily increased under the influence of 
an expanding civilian economy. Addi- 
tions to the engineering labor force were 
substantial as a result of a high level of 
college enrollment accentuated by the GI 
bulge. The prevailing public view of 
this period, shared by many in authorita- 
tive and official positions, was that there 
was a surplus of engineers either already 
in existence or at least impending. 

With the advent of the Korean War in 
1950, military production contracts were 
sharply increased, and military research 
and development activity became greatly 
emphasized and carried on at an acceler- 
ated pace. 
its resultant demand for technical man- 
power was superimposed on a continuing 
high level of civilian business activity. In 


Presented at the Annual Meeting of 
the Engineers Joint Council, January 
19, 1961. 


This military activity with. 


the following years the rate of engineer. 
ing college graduations decreased. This 
decrease was a result of two factors: the 
natural tapering off of the GI bulge fol- 
lowing its peak in 1950, and the turning 
away of college freshmen from the engi- 
neering schools as a result of the widely 
held view that the engineering profession 
might actually become overcrowded. The 
net result of these conditions was to de- 
velop a near panic market for engineer. 
ing talent in 1950, which basically has 
not altered in character more than ten 
years later. 

The public attitude of the 1950's was 
one of reorientation and adjustment to a 
market condition which was just the op- 
posite of what the public had come to 
expect. In the early years of the decade 
the shortage of engineers and scientists 


received wide recognition and was the © 
We in the | 
Engineers Joint Council set up the Engi- | 
neering Manpower Commission. The im- 
portant point to note in public attitude _ 


subject of much discussion. 


in this period was that little attention 


was given to the long-range aspects of | 
the problem. Public attitudes do not” 
change readily, and the postwar concept _ 
of a surplus of engineers persisted in the | 
form that the immediate shortage, which 7 
could not be denied, was conceived of as | 
temporary. The shortage was linked in| 


the public mind with transient conditions 


in the economy, specifically with the 
Korean War and the high level of mili” 
tary expenditures in the Federal budget. | 

Korea came and went, and was re | 
placed by the cold war and the military | 
and technological competition with Rus ~ 
sia. The shortage continues, but I think” 
it is fair to say that in the public mind it © 
is still regarded as temporary and de) 


pendent on “abnormal” factors in the 


economy which if not present would per | 
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mit the “normal” condition of an excess 
of trained technical talent to re-establish 
itself. 


A Look at the Future 


Is this right? Is the growing demand 
for engineers and scientists dependent on 
the military character of our technology, 
or is it determined rather by its com- 
plexity? And is civilian technology in 
this day of automation, synthetic mate- 
rials, depletion of natural resources, jet 
transportation which practically elimi- 
nates distance, and communication which 
eliminates both distance and time, really 
less complex than military technology? 
Even space technology with its applica- 
tion to communications, weather forecast- 
ing, and navigation, is by no means a 
military monopoly. Should we not there- 
fore look more deeply at the basic nature 
of our technical manpower shortage? 
What does the future hold? 

First, what can we expect in the next 
decade? I have hinted that given full 
utilization of a civilian economy, it is 
quite possible that we might find our 
need for engineers and scientists as great 
as ever. In any case, the question of 
whether this is true or not appears to 
be academic for at least the next decade 
because a continuing large military 
budget and technological competition 
with Russia seem to be two things which 
are about as predictable as anything can 
be. Since there is no change in the 
trend to a more sophisticated develop- 
ment of our technology, military or civil- 
ian, it is reasonable to anticipate a con- 
tinuing need to expand our technological 
labor force at a rate at least as great and 
probably greater than that which has 
prevailed in recent years. 

On the other side of the equation, we 
come up against our ability to increase 
the size of this segment of the labor force 
at a rate commensurate with our needs. 
Here we find a fundamental limitation. 
I have tried to show elsewhere 1 that we 
can realistically count on graduating as 
engineers only about 2% of the group 


1S. B. Ingram, “Education for the Age 
of Technology,” Journal of Engineering Edu- 
cation, Vol. 50, pp. 159-165, Nov. 1959. 
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reaching college graduation age in a 
given year. I will not repeat the argu- 
ment here in detail. It is based on only 
three assumptions: 1) that, in general, 
only those with an intelligence level rep- 
resented by an IQ of 120 or greater are 
capable of completing an engineering 
training, 2) that three-quarters of the 
male portion of this group will continue 
for good reasons to enter other profes- 
sional and academic fields, including sci- 
ence, and 3) that we cannot count on 
the female portion of the group to con- 
tribute to our supply of engineers in 
numbers sufficient to change the gross 
statistical picture. At the present time, 
the number of young people reaching 
age 22 each year is 2,300,000, and 2% 
works out to 46,000 as compared with 
the 38,000 engineers we graduated last 
year. Fortunately, the population of this 
age group will be increased by about 
50% by 1970 as a result of the high 
birth rate of the late 1940’s, so we can 
reasonably look forward to a modest in- 
crease in our rate of additions to the en- 
gineering labor force during the next 
decade. It appears to be a conservative 
prediction that in the 1960’s we will wit- 
ness a race between increasing require- 
ments for engineering graduates and our 
slowly growing capacity to produce them, 
and that no basic change in the market 
conditions of the 1950’s can be an- 
ticipated. 

How about the more distant future? 
Is it possible to look farther ahead than 
a decade? An attempt has, in fact, been 
made in the studies carried out at the 
California Institute of Technology by 
Professors Brown, Bonner, and Weir, and 
published a few years ago in their book, 
The Next Hundred Years.2 In a recent 
paper * Professor Weir specifically con- 
sidered the technical manpower aspects 
of the long-range future. He made his 
considerations on a global basis, taking 
as premises the population explosion, de- 


2 Harrison Brown, James Bonner, and 
John Weir, The Next Hundred Years, Vik- 
ing Press, New York City, 1957. 

3John Weir, “Technical Manpower for 
the Next Hundred Years,” Electrical Engi- 
neering, Vol. 80, No. 5, pp. 338-340, May, 
1961. 
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pletion of natural resources, exhaustion 
of energy sources and the necessity for 
developing new ones, the need to improve 
methods of agriculture to provide food 
supplies for the world’s growing popula- 
tion, and the need to provide technical 
aid to underdeveloped countries. 
these factors create problems which can 
be successfully attacked only by the ap- 
plication of advanced technological meth- 
ods. You will note that no assumption 
is made with respect to the magnitude 
of the world’s military effort or even of 
the existence of technological competi- 
tion between highly developed nations. 
The technological race is paced by the 
rates of population growth and of the 
depletion of energy sources and material 
resources. These long-range conclusions, 
though extremely general in nature, are 
nevertheless logical deductions from es- 
tablished facts and basic premises with 
which it is difficult to disagree. One is 
led to the conclusion that the needs for 
trained engineering and scientific man- 
power will grow continuously and will 
ultimately become the limiting factor in 
the world’s ability to cope with its prob- 
lem of maintaining an adequate standard 
of living for its expanding population, or, 
in fact, of merely sustaining life for it. 
Viewed in this perspective, we arrive 
at the concept that the engineering and 
scientific manpower shortage we experi- 
enced in the 1950’s and which seems 
likely to remain with us in the 1960's is 
only the first manifestation of a symptom 
which is characteristic of a highly com- 
plex technological civilization, and which 
will continue to become more pronounced 
as the complexity increases. It is im- 
portant that there be a much wider pub- 
lic appreciation of this concept. If such 
an appreciation did exist, we would be 
much more likely to take constructive 
and realistic action to deal with some of 
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today’s problems as well as others which 
will arise in the future. 


The Contribution of EJC-EMC 


Now what can EJC and EMC do 
about thisP EJC is the recognized 
spokesman of the engineering profession 
in the eyes of government and of the 
public. It is the specific charge of the 
Engineering Manpower Commission to: 


1. Aid in establishing the importance 
of engineering to the national econ- 
omy. 

2. Aid in maintaining an adequate 
supply of engineers. 

3. Promote the most effective utiliza 
tion of engineers in support of the 
national health, safety and interest, 


In the 10 years that EMC has existed, 
it has performed a valuable service to 
the nation and to the profession. I doubt 
if at the time of its inception its founders 
were much concerned with the distant 
future. The problems of the Korean 
War and its disturbing consequences 
were urgent and demanded immediate 
action. Programs were initiated; action 
was taken. Later they were expanded 
as the needs of the day required. All of 


this has been good and useful, but I | 


think the time has come for us too in 
EMC to be looking farther ahead. Now, 


after gaining 10 years of experience, | 
achieving a degree of leadership in the | 
field, and, I hope, winning the confidence _ 


of government and industry, it is perhaps 


a good time for us to be reappraising our | 
program and our function in terms of the | 
long view. The engineering manpower | 


problems of the future are full of chal- 
lenge. They call for a bold and imagina- 
tive approach. 
can aid in their solution we will have 


made a notable contribution to the na- _ 


tional welfare. 


PROCEEDINGS WANTED 


A copy of Volume 63 (1955-56) of the Proceedings of ASEE is wanted by the 
U. S. Army Engineer Waterways Experiment Station to replace a volume destroyed | 


in a fire. 


ing to contribute a volume should send it to the Secretary of ASEE, University de 


Illinois, Urbana, Illinois. 


If we in EJC and EMC | 


Since extra copies of this particular volume are not available, anyone wish: | 
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Colloquium on Recruitment to Higher 
Technological Education 


ERIC A. WALKER 


President American Society for Engineering Education 
and President, The Pennsylvania State University 


On March 10, 11, and 12, I attended 
a conference in England held to review 
problems related to the recruitment of 
British youth to “higher technological 
education.” Actually, this was an ex- 
ploratory conference, designed to isolate 
the major problems in this area for fur- 
ther detailed study. The conference, 
held under the sponsorship of the De- 
partment of Education of Oxford Uni- 
versity, which is to conduct the study, 
was at Missenden Abbey (an English 
version of Arden House) some 40 miles 
north of London. Mr. A. D. C. Peterson, 
Director of the Department of Educa- 
tion, conducted the conference. Both 
the conference and the study that is to 
follow (as well as the participation in 
the conference of your president) were 
made possible by a grant by ASEE’s 
own Eugene Rietzke, President of the 
Capital Radio Engineering Institute in 
Washington. 

It was comforting to discover that the 
British have almost the same problems 
and the same lack of ready answers as 
we have here in America. It took us 
some time to arrive at a suitable set of 
definitions, since a good deal of confu- 
sion was caused early in the conference 
by the different meanings attributed by 
those participating to such words as 
“pure science,” “applied science,” “engi- 
neering,” and “technology.” One of the 
first problems, in fact, arose from the 
belief held by many of those attending 
the conference that the better men were 
going into “pure science,” while those 
who were less good were going into “en- 
gineering.” This led me to decide that, 
by “pure science,” they meant research, 
the purpose of which is to discover how 
the laws of nature work. By “engineer- 
ing,” I found out, they meant the appli- 


cation of those laws to build machines 
and systems to satisfy the wants of man- 
kind. From this, it was concluded that 
the engineer, since he has to have all the 
curiosity and knowledge possessed by 
the scientist but ought to be able, in ad- 
dition, to synthesize this knowledge, is 
probably in shorter supply than the “pure 
scientist.” 

To understand the heart of the prob- 
lem in Britain, it is necessary to know 
something about the British “system” of 
education. Actually, this British system 
is even less systematic than is ours here 
in America and admits (or submits) even 
less well to generalized statements. Edu- 
cation is compulsory for all British young- 


.sters up through age 15, but they may 


attend school at government expense un- 
til they reach 19. Upon completion of 
his elementary-school program at about 
age 11, the pupil takes the “11+” exam- 
ination and, on the basis of the results 
of this test, is assigned to a secondary 
“grammar,” “technical,” or “modern” 
school. About three-fourths of these 11- 
year-olds are assigned to the modern 
secondary schools, which, for all practical 
purposes, closes the door for them to the 
possibility of entering a university. These 
schools are designed to provide much 
the same sort of function as is provided 
by the American comprehensive high 
school, with the exception that the pro- 
gram aims almost not at all at university 
preparation. Most of the pupils assigned 
to these schools drop out of school as 
they reach 15. 

Most of the top one-fourth of the 
pupils are assigned to the secondary 
grammar schools, the rest being assigned 
to the technical schools . These latter 
were designed to provide pretty much 
the same function that is provided by 
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the American vocational high school, but 
they are becoming more like the gram- 
mar schools all the time, despite a con- 
tinuing bias toward scientific and prac- 
tical studies. 

The grammar schools are definitely 
university-preparatory institutions. The 
curriculum “tapers from a broad base to 
a comparatively narrow platform.” Dur- 
ing the first three years (up through age 
14), the program is general and diag- 
nostic. The program typically includes 
instruction in English, history, geography, 
French, mathematics, science, art, music, 
religious studies, and handicrafts. Latin 
is usually added in the second year. 
During the last 2 years of the “regular” 
5-year secondary program, some electives 
are permitted, and there is some special- 
ization to permit the student to concen- 
trate more of his time on mathematics, 
science, languages, or literature. Many 
of these students take an introduction to 
calculus and co-ordinate geometry. At 
the end of this period, practically all 
pupils take the General Certificate of 
Education (GCE) examination at the 
“ordinary” (0) level, although there is a 
growing tendency for those definitely 
“scheduled” for university work to skip 
this examination, that is, to be promoted 
without it. 

Today, about 40% of the grammar- 
school students (or about 10% of those 
who tock the 11+ exam) go on to the 
sixth form. Administratively, the sixth 
form is a part of the secondary school, 
and corresponds roughly to the 13th and 
14th years of the American high school 
or to the American junior college. It is 
generally looked upon as the “conclud- 
ing stage of secondary education.” For 
the most part, the program is definitely 
aimed at university preparation; but, be- 
cause of its increasing popularity, there 
is a growing tendency to introduce 
“something of a technical bias . . . on 
practical subjects” into the curriculum. 
The curriculum remains, however, “mark- 
edly specialist in character,” and about 
two-thirds of the student’s time is spent, 
characteristically, on 3 subjects. Typical 
groupings of these 3 subjects include 
mathematics, chemistry, and physics; 


Latin, French and German; English, his- 
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tory, and geography; applied mathemat. 
ics, pure mathematics, and physics; and 
physics, chemistry, and biology. The 
programs tend to divide into 2 classes: 
the sciences (about 60% of the boys) 
and the arts (about 40%). 

At the conclusion of this program (and 
there is a mortality of about 50% each 
year), the students take the “advanced” 
(A) level GCE. The order of popular. 
ity of specialization, as shown by the 
number of students taking the advanced 


GCE in the various subjects, is mathe. | 


matics, physics, chemistry, English, his. 
tory, French, biology, geography, and 
Latin. The results of the scores on the 
advanced GCE are used, along with the 
institutions’ own requirements, for de. 
termining admission to the universities, 
the teachers’ colleges, the technical col- 
leges, and to certain professions directly, 
About 6% of the British youngsters at- 
tend the “public” (i.e., private) schools, 
and about 30% of these are eventually 
admitted to the universities. 
Mortality becomes high after the end 
of the compulsory-attendance period has 
been reached. About 42% of the British 
boys and girls attend school full-time 
during their 15th year; during the 16th 
year, the percentage drops to about 25; 
and, during the 17th year, to only 12 
Actually, only about 20% of those who 


started in the public schools get into the! 


grammar schools, 6% complete the sixth 
form to qualify for university admission, 


and perhaps 5% are actually admitted.” 


The student spends only 3 years at! 
the university, which gives him, in con) 


junction with the sixth form, a 5-yea} 


program of education beyond his 12) 


years in elementary and 
schools. Each year is divided into 3 


secondary 


terms, each of which is 8 weeks in length | 
At the British universities, the students — 
are not required to attend classes or to) 
take periodic subject-matter examin?) 
tions to the same extent as the Americal” 
students. However, at certain univer 
sities they are required to spend a certail 
amount of time each week with thei” 
tutors. A very high percentage of thos 
who enter the universities are eventuall 


awarded their degrees, and the first yea) 


is not used as a trial period, as it is i 
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our universities. During the university 
program, the student takes almost no 
work in what we call the “socio-human- 
istic stem.” In fact, considering the spe- 
cialization associated with the sixth form, 
the British student takes almost no “gen- 
eral” or “cultural” courses beyond the 
first part of his regular secondary gram- 
mar-school program. In the universities, 
the “honours” programs have, in the past, 
been associated with a high degree of 
specialization, which, in turn, has been 
associated with “pure science.” On the 
other hand, the “ordinary” programs have 
been associated with a broader educa- 
tion, and this has been associated with 
“technology.” This has led to a certain 
amount of academic snobbery and pres- 
tige that has worked to the disadvantage 
of engineering, and there is some agita- 
tion to change the terminology designat- 
ing the 2 types of programs. 

Education at a university, however, 
is not the only avenue by which a young 
Englishman can obtain a university de- 
gree. Many colleges in England have 
working arrangements with universities 
through which their students can be 
awarded degrees by the university upon 
the completion of their studies. Further, 
the University of London awards what 
it calls “external” degrees to anyone who 
applies, meets certain requirements, and 
satisfactorily completes an examination. 

Nor is the university degree the only 
avenue to professional recognition. In 
fact, only about one-third of the profes- 
sional members of the British engineering 
institutions (comparable to our founder 
societies) hold university degrees. In 
England, there is a wide variety of col- 
leges of advanced technology (such as 
Northampton and Loughborough), tech- 
nical colleges and institutes, and “na- 
tional” colleges (e.g., College of Aero- 
nautics). These institutions prepare stu- 
dents for the Diploma of Technology 
(established only in 1958), the Higher 
National Diploma (HND-—for full-time 
work at a technical college or institute), 
the Higher National Certificate (HNC-— 
for part-time work), or for diplomas is- 
sued by the institution itself. 

This reference to part-time study needs 
some further explanation. “Student ap- 
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prenticeships” are, in England, the back- 
bone of the nonuniversity system of 
technological education. Through these 
apprenticeships, most of the technical- 
college students receive financial support, 
practical industrial and plant experience, 
and formal training. These apprentice- 
ships usually take one of 2 forms. In the 
first of these, boys are recruited at 16 
(before the sixth form) to take evening 
and/or day-release courses at a tech- 
nical college or institute in order to 
qualify for an HNC, which seems to be 
roughly equivalent to 3 years toward an 
American baccalaureate degree. In the 
second, the boys are recruited after the 
sixth form at 17 or 18 for a “sandwich” 
course, which is similar to the American 
co-operative program in which a student 
alternates periods of work with periods 
of study. This program leads to the 
HND. This system of apprenticeship 
combined with part-time studies at a 
technical college or institute is a com- 
mon and characteristic path to engineer- 
ing in England. At the national colleges, 
these apprenticeships receive the sanc- 
tion of the central government and evi- 
dently provide all the student body. 
Among the advantages cited for this type 
of program is the practical training the 
student receives. There is, however, 
considerable debate about how much 
work should be done in the shops in forg- 
ing, turning, fitting, etc., and how much 
time should be given to drafting. 

In fact, there are even some “univer- 
sity apprenticeships.” These apprentice- 
ships provide a mechanism by which an 
employer finances the university educa- 
tion of a prospective future employee. 
The British Petroleum Company’s pro- 
gram is typical. “The Company recruits 
selected young men who have completed 
their National Service and seconds them 
for a normal academic course, to selected 
Universities to graduate in various tech- 
nologies. The course takes up to four 
years and appropriate practical experi- 
ence is provided during vacations. Uni- 
versity fees are paid by the Company, in 
addition to salary of £350 p.a. Can- 
didates must possess a G.C.E. with at 
least English Language and a foreign 
language at “O” level and good “A” 
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levels in Mathematics, Physics, and 
Chemistry or, in some cases, Pure Mathe- 
matics, Applied Mathematics, and Phys- 
ics. . Some companies insist on a 
year with the company before the start 
of the university work and a year follow- 


ing it, rather than using vacations for the © 


“practical experience.” 

There is still another avenue to profes- 
sional recognition in engineering in Eng- 
land. Although there is no system of 
licensing in England and no equivalent 
for our ECPD, EJC, or, for that matter, 
ASEE, there are organizations that are 
equivalent to our founder societies. These 
professional “institutions”—the British In- 
stitution of Radio Engineers, the Royal 
Aeronautical Society, the Institution of 
Naval Architects, etc.—have rigorous re- 
quirements for the different “degrees” of 
membership. For associate membership 
in the Institution of Civil Engineers, for 
instance, the applicant must pass “a writ- 
ten and oral examination (from which a 
university degree in engineering secures 
partial but not complete exemption) sup- 
ported both by evidence of approved 
practical training and experience extend- 
ing over several years and by the recom- 
mendation of not less than five members. 

* The Institution goes on to say 
that “Associate Membership amounts to 
a professional qualification; full Member- 
ship is a distinction; and election to the 
Council (i.e., election as a fellow) is a 
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high distinction.” These institutions help 
to prepare the examinations for the Na- 
tional Certificates in their fields and 
“recognize” technical colleges as eligible 
for preparing candidates for the institu. 
tion’s own examinations. 

I gather that the status of engineering 
in England is not quite all that it might 
be. The public image is still largely that 
of a man in dungarees with an oil can 
in his hand. Since there is no form of 
licensing, anyone can call himself an en- 
gineer—that is, Smith and Jones, regard- 
less of any training they might or might 
not have had, can hang out a shingle, 
print up stationary, and go into business 
as “Smith and Jones, Engineers and Con- 
tractors.” Engineering is slightly “non-U 
and only 5% of the non-university stu 
dents in science and engineering were 
pursuing their programs on a full-time 
basis in 1956. 

If for no other reason, the Conference 
was extremely valuable in getting to- 
gether for what I believe is the first time 
a number of representatives of the dif- 


ferent types of engineering and scientific | 


education in England in order that they 
might discuss their mutual problems, 
isolate and define the major ones, and 


set up machinery for seeking answers to | 
Peterson has com- | 
pleted his study, we hope to be able to | 
print at least a review of it in the! 


them. When Mr. 
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ENGINEERING COMBINED AT CASE 


The creation of a new Engineering Division at Case Institute of Technology was ‘ 
announced in April by Dr. T. Keith Glennan, President, on the 80th anniversary o 


the opening of the first classes at Case. 


Effective July 1, the new Engineering Division will replace the present depait- : 
ments of Civil, Electrical, and Mechanical Engineering, and Chemical Engineering | 
(now a part of a combined department of Chemistry and Chemical Engineering). 


The new Engineering Division will be headed by Dr. Ray E. Bolz, at present” 


Head of the Department of Mechanical Engineering. Dr. Harry R. Nara, Head 


the present Civil Engineering Department will be Associate Head of the Engineering” 


Division. 


For administrative purposes the new division will be considered as two groups 4 


divided into an Engineering Design and Systems group and an Engineering Science | 


group. 


for the work in engineering design and systems. 


Dr. Bolz will be responsible for the work in engineering sciences and Dr. Nani : 
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GEORGE BROWNE 


My text is taken from a statement by 
Walker Cisler made as he stepped down 
from the Presidency of the Mechanicals. 
Mr. Cisler had this to say: 


There are serious imbalances in the present 
world situation as to population, natural re- 
sources, energy and technology. Millions 
exist close to the edge of subsistence. Hu- 
man values are in jeopardy and countless 
individuals with great potential find little 
opportunity for self-development and social 
usefulness. Historicaliy, in the more for- 
tunate countries, tremendous progress has 
been made by the application of science and 
engineering to environmental opportunities. 
Much the greater part of our work remains 
to be done for the world at large and the 
need is most urgent. Here is a mission for 
the engineer... . 


It is with this mission that we are con- 
cerned today and tomorrow. Whether 
we like it or not, we are in competition 
with Soviet technology in every part of 
the world. We are colliding with the 
Russians in outer space; we see them 
building the Aswan dam and roads in 
Afghanistan. In every underdeveloped 
country their interests match ours. And 
what a host of new underdeveloped na- 


tions with their myriad problems have 
burst upon the scene—Africa in a ferment 
of freedom and repression, peace and 
civil war, with Ghana going one way and 
Nigeria another; the Far East in con- 
tinual turmoil with Big Brother breath- 
ing fire out of Peiping; our friends of 
long standing and equally long patience 
in Latin America getting more and more 
restive. And along with these passions, 
the pride of national emergence and the 
hope of economic development. 


Presented at the Engineers Joint 
Council General Assembly, January 
19, 1961. 


International Opportunities and Obligations 


Chairman, Committee on International Relations, 
and Editor, Industria, McGraw-Hill Publishing Co. 


The mission of the engineer is also 
concerned with the migration of U. S. 
industry and technology abroad. Right 
now the United States has an investment 
overseas amounting to about $32 biliion. 
This investment will continue to grow 
and expand as companies seek new mar- 
kets, new sources of research and devel- 
opment and an escape from rising pro- 
duction costs here at home. Under the 
best circumstances these ventures are in 
partnership with local capital and organ- 
izations. When executive and financial 
experts finish their negotiations, the engi- 
neers take over and on their efforts the 
success of the project hangs. Opportu- 
nities for employment abroad will in- 
crease. Engineers will find this work 
glamourous, difficult and profitable, but 
the profession has the responsibility of 
making sure that ovr people are ade- 
quately prepared. They must supple- 
ment technical experience with an under- 
standing of other cultures and traditions 
and certainly with a speaking knowledge 
of another language. The international 
scene is one area where we can afford 
only to utilize our most effective men 
and women. 

The engineer has a significant role to 
play in the foreign policy of the United 
States and in the programs of such inter- 
national bodies as UNESCO and the Or- 
ganization of American States. UNESCO 
and a number of private foundations are 
appropriating large sums of money for 
technological investigations in various 
parts of the world. The United States 
has its own technical aid programs. A 
new administration has taken office with 
the announced intent of emphasizing our 
efforts in the underdeveloped lands. In- 
evitably it will have to turn to the engi- 
neers for help and assistance. For better 
or for worse they will be the public face 
of the United States in these countries. 
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Will they be “ugly Americans” or “am- 
bassadors with slide rules?” 

It occurs to me that few people typify 
the engineer in this modern environment 
as do the former officers of the Commit- 


tee on International Relations. The 


Chairman, Gail Hathaway, as Engineer- 
ing Consultant to the World Bank, is as 
familiar a figure on the Indus River and 
in Bangkok as he is in Washington and 
New York. Brig. Gen. Stuart E. Reimel, 
the Committee Secretary whom we have 
honored, has for many years been a posi- 
tive force for good will through his work 
with Large Dams, World Power and 
UPADI. And I commend to your atten- 
tion the work of Bob Lea, another Com- 
mittee member, who is devoting his life 
to the supply of technical literature to 
impoverished institutions abroad through 
the People to People Program. I regard 
it as most fortunate for the profession 
that the officers of Engineers Joint Coun- 
cil continue to demonstrate their concern 
for our international relations and their 
support of the Committee. 

For all practical purposes the Commit- 
tee on International Relations is the serv- 
ant of the engineering societies in the 
care and maintenance of their relations 
with engineering organizations and ac- 
tivities beyond the borders of the United 
States. The Committee is a channel of 
communications, a coordinator of proj- 
ects, a spokesman before the world for 
U. S. engineering in its broadest sense. 
It does not seek to take over relations or 
channels already established by individ- 
ual societies or to develop international 
policies for them. Projects which it 
sponsors are usually carried out in co- 
operation with the society to which they 
naturally belong. The Committee’s job 
is to cooperate, lend a hand where it is 
needed, push matters along. 

The forces at play in the world around 
us are of such magnitude as to require 
this united front. There are, of course, 
degrees of interest among the societies in 
foreign affairs. But just as the individual 
citizen must walk a wary path, peering 
nervously over his shoulder in the direc- 
tion of Laos, the Congo, Cuba, wondering 
what they may do to him, to his job, to 
his future, so the engineer, the society, 
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Engineers Joint Council must take cog. 
nizance of world affairs—their effect on 
the profession and the contribution which 
each can make. 

Let us consider for a moment some of 
the areas in which the engineer can make 
his peculiar contribution. Obviously the 
government and the international organ. 
izations offer magnificent opportunities, 
The Kennedy administration will w. 
doubtedly re-organize the technical aid 
programs. Consultants in housing, road 
building, sanitation, energy, the devel. 
opment of natural resources will be 
needed. These programs get results 
when they are staffed with the right kind 
of people. What a splendid chance for 
the senior engineer who is not quite 
ready to retire and would like a further 
fling before he closes the books! 

It will be necessary to re-establish re- 
lations with the Office of the Scientific 
Advisor to the President and with the 
National Science Foundation. Our ad- 
vice and participation in their programs 
is highly desirable from all points of view. 

Relations with engineering societies in 
other countries are becoming steadily 
closer. U. S. societies are joined with 


those of Western Europe in EUSEC, u- 7 
der whose patronage a number of useful | 
projects have been undertaken. The Pan | 
American Federation of Engineering So 7 
cieties is 10 years old, still exhibits a few | 
growing pains but is approaching ma _ 
turity. A regional engineering organiza) 
tion for the Far East remains in the em” 
bryonic stage awaiting the breath of life. | 
EJC holds the secretariat for the U. 57 
Committee on Large Dams and for the} 
U. S. National Committee of the Worll | 


Power Conference. In most of these 
activities we have the faithful collabora- 


tion of the Engineering Institute of) 
Canada in as fine an example of inter” 
national cooperation as you will find in) 
the world today. Clearly EJC is a focal) 
point for all engineers interested in inter | 
national operations, and I urge anyon! 
who wishes to be associated with this) 
work to get in touch with the EJC) 


Secretary, Mr. Wheelock. 


I will mention two projects which maj 
intrigue your interest. Last Septembe : 
the first Pan American Congress on Et 
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gineering Education was held in Buenos 
Aires. It was one of the most important 
meetings to take place in the Western 
Hemisphere, and its impact will be felt 
for years to come. The need in Latin 
America to produce more engineers, 
diversify them (the lack of sanitary en- 
gineers is particularly acute) and to im- 
prove the quality of engineering is great. 
Curricula must be reformed, full time 
faculties developed, equipment and facil- 
ities created. At a first step a series of 
engineering manpower studies will be 
authorized using the plan of the EUSEC 
study as a model. The United States 
will be an active participant in these 
studies drawing on its vast reservoir of 
experience and achievement. In doing 
so it will contribute not only to the 
progress of the profession of engineering 
but also to the betterment of Inter-Amer- 
ican relations. 

Equally full of promise is a proposal 
put forward by Pete Wisely of the Civils 
for an exchange of engineers. He sug- 
gests a cooperative effort among the 
national societies under the aegis of En- 
gineers Joint Council to form panels of 
engineering specialists to tour abroad, 
lecture on and discuss engineering topics 
of “timely interest and need.” His pro- 
posal has provoked a favorable response 
from societies overseas, and we foresee 
a two-way exchange once financial sup- 
port is secured. Those who go out from 
this country and those who come to visit 
us will be particularly fortunate, but their 
new experiences and acquisition of knowl- 
edge will bring benefits to the entire 
profession. 

Concluding these remarks I would like 
to put forward an idea which, so far as 
I know, has not been considered by any- 
one. In 1964 New York City will have 
a World’s Fair. There has been some dis- 
cussion of setting up a Museum of Sci- 
ence and Industry in connection with the 
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Fair. Would this not be an appropriate 
time for Engineers Joint Council to con- 
vene a World Congress of Engineering 
and invite societies from every nation of 
the world to attend. It would be a job 
of herculean proportions to organize, 
finance and run such a Congress, but in 
terms of the interest aroused, achieve- 
ments proclaimed, ideas interchanged, 
friendships formed and influence exerted 
it could be a most significant occasion. 

I am convinced that today we need 
more and better communications on a 
world basis. Our international interests 
and operations, no matter where they are 
taking place or on what scale, are being 
conducted in a world which is growing 
steadily smaller. The jet plane takes you 
to London or Paris in 6 hours, to Rio de 
Janeiro in 10. The missile has made 
every part of the globe vulnerable. 
There are no shelters. Everywhere we 
are exposed—exposed to peace or to war. 

This shrinkage does not mean that we 
have gotten to know or to understand or 
even to like peoples in other parts of the 
world—or they us. Cuba lies just off 
Key West, but we are all strangers to 
each other. The art of communications 
has simply not kept pace with the speed 
of transportation. Semantic confusion 
surrounds the politician and the business- 
man. 

Communication presupposes both the 
ability and the desire to communicate. 
Nowhere are these values more evident 
than in the arts and sciences. There is 
always an audience for the writer, the 
musician, the scientist and the engineer. 
To a large extent we speak the same lan- 
guage as our colleagues abroad. They 
and we meet with respect and on a basis 
of equality—one professional man to an- 
other. We have a channel of communi- 
cations. If we neglect it or do not use 
it fully and effectively, we will have failed 
both as citizens and as engineers. 


GRADUATE STUDY AT DAYTON 


The University of Dayton will inaugurate a graduate program in engineering in 


September. 


Actual courses to be given in the program, which will lead to the degree 


Master of Engineering, will be announced later. 
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“How can the advanced nations most _ fields of study among foreign students poe 
effectively assist the underdeveloped na- the United States for the past five 
tions in meeting their growing needs for _years. This year 32% of all foreign en. | we eee 
engineering and technological man- gineering students were from the Fa 
power?” This was the basic question East, 22% from Latin America, and 22%, tr 


under discussion at the Engineering and 
Technological Training workshop of the 
Fourth National Conference on Exchange 
of Persons sponsored by the Institute of 
International Education in San Francisco, 
November 30—December 3, 1960. Un- 
der the general conference theme, “Edu- 
cational Exchange for the Mutual De- 
velopment of Nations,” some 17 separate 
workshops convened the afternoon of 
December 1 to treat various aspects of 
the sub-theme, “International Training 
for Manpower to Meet the Needs of 
Nations.” 

To treat the engineering question the 
IIE had assembled a panel of engineers 
and engineering educators including 
Ibrahim Attour, Department of Water 
Resources, Kingdom of Jordan (currently 
a graduate student at University of Cali- 
fornia, Berkeley); Stephen Blickenstaff, 
Director of IN STEP program, Carnegie 
Institute of Technology; M. Dorman of 
the Bechtel Corporation; D. E. Hudson, 
California Institute of Technology; J. L. 
Meriam, University of California, rappor- 
teur; and A. C. Ingersoll, University of 
Southern California, chairman. 


The International Exchange Picture 


In 1959-60, according to IIE statistics, 
there were 48,486 foreign students en- 
rolled in U. S. colleges, from 141 coun- 
tries ranging from Afghanistan to Zanzi- 
bar. Of this total, 11,279 (23%) were 
in engineering, the most popular of all 


from the Middle East, three rapidly in. haan 
dustrializing areas that have continuel) 
throughout the years to send us the larg. nds F 
est numbers of engineering students, 
At this same time, according to gover. 
ment figures, there were 1,590,000 Amer 
ican citizens living abroad, about one. of iob 
third of them civilians. Of this civilian J 
group, research scholars on foundation One 
and Fulbright grants, together with other 


categories of undergraduate students and eo 
teachers, account for more than 10,000." ‘deans 
Only 1% of American students abroad) par 
are studying in engineering fields. Iti) };., fc 
clear from this simple comparison that compli 
the United States’ balance of trade it) ce) 
the engineering education market i (or we 
heavily on the “export” side. per 
In view of the predominating flava” engine 
of engineering in many of the problem! gineer 
of educational exchange, it is surprising) things 
to find engineering educators playing i) oped 
very minor role in meetings such as the! progre 
one reported here. Of the hundreds can 
delegates to the Fourth National Confer” engine 
ence, only an infinitesimal fraction ha) inter, 
any direct connection with either enf/ ing of 
neering or engineering education. Ap 
presun 


Modern Engineering Education or | \ yi, 
Technical Institute Training? exchan 


One of the principal controversis/ a mod 
growing out of this and other sessions) sible { 
the conference related to the level ¢/ the pr: 
education and technology that the & in bui 
change student from an underdeveloped > works 
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nation should be getting in the United 
States. In most U. S. engineering col- 
leges the foreign student takes the same 
program as the American student, with 
most of these programs now being 
strongly oriented toward basic science, 
with heavy emphasis on physics, com- 
puters, electronics, automation and the 
like, and minimum emphasis on the prac- 
tical questions of how to get the job 
done. Too frequently the engineering 
student from the underdeveloped coun- 
try becomes so familiar with and de- 
pendent on these sophisticated instru- 
_ ments and approaches that he is com- 
_ pletely frustrated when he returns to his 
homeland and finds them unavailable or 
unacceptable in meeting the more prosaic 
problems of building dams and sewers, 
water works and power stations. The 
frustration is all too frequently com- 
pounded when the returning student 
finds it difficult to get a job in his home 
country which needs him so badly, and 
he looks longingly again at the United 
_ States, where there are commonly plenty 
of jobs waiting for his talent, and at 
“smashing” salaries. 

One body of opinion, then, sees the 
present exchange programs as a great 
waste of teaching talent and facilities in 
“over-educating” the foreign engineering 
student or, more properly, not educating 
him for his real needs. The problem is 
complicated as one realizes that there 
_ scarcely exists in the United States today 
- (or would it be more realistic to say that 
- one would hope there did not exist) an 
_ engineering school that teaches the en- 
gineering of 25 to 40 years ago—the 
_ things needed now by the underdevel- 
/ oped nations in their first stages of 
progress. Where in the United States 
- can one learn today much about the 


|| engineering of motors and generators or 


_ internal combustion engines, to say noth- 
ing of steam locomotives? 

_ A part of the answer to this question 
_ presumably lies in the technical institute, 
_ which has entered into the educational 
_ exchange picture only recently and in 
' 4 modest way. Here it should be pos- 
_ sible for the foreign student to learn 
_ the practical things he will need to know 
in building the machinery and public 
works that will advance his country in 
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the immediate future. How strongly the 
foreign students and foreign governments 
will take to this idea is subject to much 
question. It is observed even now that 
the foreign student, especially the one 
supported by his family resources, is most 
conscious of the status symbol of the top 
half-dozen - engineering schools in the 
country and has little thought of dipping 
any farther than he can help into the 
more broadly-based structure of engi- 
neering education in the country, to say 
nothing of the technical institute pro- 
grams. 

A reinforcement of the view that edu- 
cational exchange should be at the high- 
est level was echoed by some of the top 
leaders from the underdeveloped coun- 
tries. “We'll meet the needs of tomorrow 
somehow,” they said, in effect; “Help us 
to educate a generation of engineers for 
the long-range future development of 
our country, when we shall take our 
place beside the leading nations of the 
world.” It seems clear that the new na- 
tion needs both training for tomorrow 
and education for the future and it seems 
equally clear that the best place to ac- 
complish the technical training is in 
schools or centers established in the coun- 
try where the work is to be done, that 
the student may continuously be re- 
minded by local example of the task that 
lies ahead. 

One panelist observed that we in the 
United States are far from clear on the 
purpose and place of the technical insti- 
tute in our overall scheme of technical 
education. Until we are straightened 
out on this and the American technical 
institute has a recognized place in the 
sun, it may be premature for us to try 
to tell the underdeveloped nations how 
to utilize this institution in training tech- 
nical manpower. 

Again, the distinction between “engi- 
neer” and “technician” may be quite dif- 
ferent in various countries and may lead 
to lack of mutual understanding in set- 
ting up educational programs. The 
U. S. educator engaged in an overseas 
exchange position must be careful to 
focus attention on the specific technical 
aims involved and not try to reform the 
educational system of the foreign country 
concerned, 
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Cost of Educating Foreign Engineers 
in the United States 


The-high and increasing costs of edu- 
cation and living in the United States 
are making educational opportunities for 
the unsponsored foreign student more 
restrictive. Last year only 5.5% of the 
48,486 foreign students in the United 
States were supported by some type of 
grant from the U. S. Government, while 
28% were supported by private organ- 
izations and 38% were self- or family- 
supported. To accomplish the desired 
goals in international education—expan- 
sion of foreign student numbers in the 
United States to an average of something 
like 12.4%, the current concentration at 
M.I.T.—an expanded program of the 
U. S. Government grants will surely be 
necessary to support capable foreign stu- 
dents who wish to apply for study in the 
U. S. but who do not have adequate re- 
sources or sponsorship. 

It is of interest to remark here that the 
12.4% concentration of foreign students 
at M.I.T.—some 4 to 5 times the U. S. 
national average—is just about the same 
percentage one would find on any typical 
European campus. We have a lot of 
ground to cover before we can bring our 
average concentration of foreign students 
up to that in Europe. 


The Role of U. S. Industry 
and Government Agencies 


United States industry enters the for- 
eign technical manpower-training picture 
in 2 ways, first in its normal overseas op- 
erations and second in planned coopera- 
tive programs between foreign govern- 
ments and U. S. industry. Following 
several excellent examples already set, 
U. S. industry abroad should serve as an 
effective window for foreign observations 
of successful U. S. industrial organization 
and technical know-how. In this way, 
U. S. industry can demonstrate that en- 
gineers can and do work in a very prac- 
tical way. Further, increasing oppor- 


tunity is afforded for using local talent— 
either with or without formal engineer- 
ing educational background— which is in 
itself an excellent form of technical edu- 
cation. 

Cooperative programs between foreign 
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governments and U. S. industries ca 
serve to accelerate the development of 
specific areas of technological need. Ay 
excellent example is the Indian Stee 
Training and Educational Program (IN 
STEP), in which highly selected groups 
of Indian students are given a carefully 
planned dual experience in U. S. sted 
mill operation and in a supporting edv. 
cational program in a U. S. engineering 
school. 

A number of training programs have 
been established for foreign nationak 
within U. S. Government agencies. One 
of the most successful of these is that of 
the Bureau of Reclamation,.in which the 
foreign engineer spends one year in: 
training program that is tailored to his 


individual needs. Quite commonly this 
year is preceded or followed by a yex 
of graduate study in hydraulics or irrig:. 
tion engineering at one of the America| 
engineering colleges. 


Autonomy of Foreign Engineering 
Schools 

Self-development through technic 
education requires an educational system 
which has adequate freedom and sup 
port. Although it was not the assign) 
ment of this workshop to treat the nor) 
academic and non-technical affairs a) 
foreign engineering schools, it was ob 
served that schools in some of the under) 
developed countries are severely ham) 
pered in their programs by lack of ful) 
time staff, by political control (both by 
government and by their own students) 
and of course by inadequate financil 
support. 

One panelist recommended that gory 
ernmental officials and educational leat 
ers from individual underdeveloped cou: 
tries be invited to inspect the operatio) 
of technical education in the Unite) 
States as a joint team. Such plannell 
visits would accelerate the understandini” 
which these governments must acquit 
of the support and freedom needed by” 
their universities. Although private wi} 
versities do not figure significantly in th 
educational scene of these nations ! 
would be helpful for the joint team to obj 
serve the balance between private alt 
public education in this country, to s” 
how the public institution establishes: 
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standard for support while the private 
school establishes a standard for inde- 
pendence. 


Need for Better Educational 
Information 


More complete information about the 
United States technical schools should 
be made available through appropriate 
United States offices to foreign countries 
so that prospective students and _ their 
sponsors can make a more intelligent 
choice of the type of program and insti- 
tution best suited to meet the objectives. 

A general lack of coordination appears 
to exist between industry, education, and 
our government in the dissemination of 
information and in the conduct of pro- 
grams concerning international educa- 
tion, within and without the United 
States. It was recommended that the 
possible need be studied for a U. S. Of- 
fice of International Education which 
would coordinate the many problems cur- 
rently handled through somewhat scat- 
tered efforts. 

Organizations on an international basis 
can and should be established to ex- 
change views on technical and engineer- 
ing education developments. The exam- 
ple may be cited of the recent First 
Pan-American Congress on Engineering 
Education held in Buenos Aires in Sep- 
tember, 1960, attended by some 200 
delegates from 16 Pan American coun- 
tries, and sponsored by UPADI, the Pan 
American Union of Engineering Societies. 
The new East-West Center at the Univer- 
sity of Hawaii may be a suitable avenue 
for a meeting that would focus on the 
opportunities for cooperation between 
the United States and the countries of 
Southeast Asia and the Far East in en- 
gineering education. It would seem that 
the ASEE should assume a leadership 
role in such a meeting, for what organiza- 
tion is better suited to lending its name 
and experience in the solution of prob- 
lems, national and international, in en- 
gineering education? 


Where Best to Educate 

the Foreign Engineer? 

_Up to a decade ago the only recog- 
nized participation of American educators 
and foreign students in international edu- 
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cation (aside from missionary efforts) 
was in this country, where the teacher 
was on home base and the student was 
a stranger. This has continued to be the 
central contribution of American educa- 
tion, especially at the graduate level. As 
suggested earlier, however, there is good 
argument. for conducting the education 
as far as possible on the student’s home 
ground for maximum carry over. 

Although statistics on the point do not 
seem to be available, it is well agreed 
that a major problem of the foreign stu- 
dent in this country is his reluctance to 
return home upon the completion of his 
academic work and apply his knowledge 
and skill to the uplift of his nation. The 
limited economic opportunities awaiting 
him in his home country have already 
been mentioned. 

The panel was agreed that efforts 
should be made to reduce the number of 
foreign students who wish to remain 
permanently in the United States. In 
part this reduction can be effected by 
a more severe limitation on the maximum 
length of the study interval (suggested 
by one panelist to be one year). A long 
stay in the United States may involve 
disadvantages to the student such as loss 
of professional contacts at home, exces- 
sive withdrawal from his own social set- 
ting, and loss of seniority in government 
posts. Foreign governments should offer 
adequate job opportunities as an attrac- 
tion to return home and could do so 
through better organization of study pro- 
grams in relation to needs. While it will 
be easier to maintain contact and control 
over the student who is sponsored by his 
government, the foreign student whose 
study in the United States is supported 
by personal or family resources should 
also be made to realize his place on the 
“home team.” His government should 
make every effort to assure that he will 
not be discouraged for lack of oppor- 
tunity at home and persuaded to stay on 
in the United States, taking up perma- 
nent abode. 

Many more of the competent students 
should be encouraged to take their ad- 
vanced degrees in their own countries in 
order that their schools will develop the 
reputations necessary to attract an in- 
creasing number of their own people for 
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advanced degree work. In some cases 
this has been worked out in cooperation 
between the foreign university and its 
American counterpart. The foreign stu- 
dent pursues a doctoral program here, 
completing everything but the thesis at 
the U. S. school. 
with his research problem identified, per- 
forms the research, with some guidance 
by correspondence, and writes up a the- 
sis. In conformity with the procedure 
used in most foreign schools, the thesis 
is reviewed by external referees, and of 
course one of these is the original major 
professor in the U. S. school. 


How Best to Help Strengthen Foreign 
Engineering Schools? 

Two major schemes have been under- 
taken thus far by the various programs in 
engineering education undertaken by the 
International Cooperation Administra- 
tion. American professors have been 
sent (usually in groups) to engineering 
schools requesting such assistance in the 
participating countries. These visits have 
been, in general, of from one to three 
years with an average of approximately 
two. The counterpart scheme has been 
to have foreign professors—or graduate 
students destined to be professors—spend 
time in American colleges, pursuing 
either an advanced degree for credit or 
some planned program of visitation, 
sometimes in cooperation with industry 
or government agency as_ suggested 
above. 

Placing an American professor in a 
foreign university has a good overall 
public relations effect and gives him a 
never-to-be-forgotten experience with 
foreign students at home, but it is quite 
likely to be a most inefficient means of 
communicating with the teaching staff 
of the foreign school. They are generally 
so badly overloaded with teaching and 
administrative detail that they have al- 
most no time or energy for the necessary 
contact with the American professor. 
Especially if the visitor is on the campus 
for an extended period the overloaded 
teacher can always rationalize a delay in 
getting down to business with the visit- 
ing specialist. 

In this connection more short-term as- 
signments (2 weeks to 6 months) of 
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United States technical people for foreign 
visitations should be considered. Short 
visits possess certain advantages such as 
a larger number of participants, greater 
compulsion to plan and execute a specific 
project, less involvement in local politics 


and other distractions, and avoidance of 


difficulties of transplanting families. In 
particular, the short-term visit opens the 
assignment to a whole range of high. 
caliber men who could not under any 
circumstances consider being away from 
their graduate students and research for 
as much as a year or two. 


Teacher-Training Centers in 
Underdeveloped Countries 


Combining the desirable features of | 


removing the foreign teacher from his 
home campus and the innumerable dis- 


tractions there, and the low cost of send- | 


ing one American overseas in place of 10 
to 20 foreign teacher trainees to this 
country, the foreign teacher-training cen- 
ter was suggested by a member of the 
panel. One or more centers could be 
established in the underdeveloped coun- 
try so that the trainees would be within 
easy travel distance of their home schools 
and families, but tie would be free of 
the niggling administrative tasks that 
make for so much distraction. 

Training professors would be sent to 
the center from the United States and 
other advanced nations. Again, these 
terms would be shorter than the conven- 


tional overseas assignments in engineer- _ 
ing education, but the pace of contact _ 


with trainees would be very much ac- 
celerated. It is not envisioned that the 
training center would be a research in- 
stitution as well, for the research strength 
should be built on the campus of the 
permanent school. On the other hand, 


the philosophy of research as it relates to 4 
the total educational program, plus sug: 


gestions and ideas for research projects, 


would be part of the regular fare at the — 


center. 


These, then, are the principal observa: 
tions, recommendations, and ideas gen 
erated in the workshop on engineering 
If the dis- 
cussion and the reporting have leaned | 
more heavily on the engineering side — 


and technological training. 
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than on the manufacturing or technolog- 
ical, it is readily explained as a conse- 
quence of the makeup of the panel. 

The past decade has been one of ex- 
perimentation in the field of foreign 
technical assistance. After these 10 
years of experimentation, the United 
States—and more particularly the Inter- 
national Cooperation Administration— 
may logically be expected now to estab- 
lish certain permanent long-range pro- 
grams of technical assistance. A few of 
the experiments have succeeded unques- 
tionably. Several have failed unques- 
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tionably, of course, but the great propor- 
tion of them are clouded in their ap- 
parent success or failure because of the 
difficulties of accurate and objective 
evaluation. If through this workshop it 
has been possible in any small way to 
shed light on the complex matter of 
evaluation; and to make this light avail- 
able to the various governmental and 
educational agencies engaged in tech- 
nical cooperation programs, the effort of 
gathering the participants and of writ- 
ing up this report will have been more 
than justified. 


Teaching Positions Available 


ELECTRICAL ENGINEERING. Pu.D. 
degree required. Teaching experience 
desirable but not necessary. Excellent 
opportunity for young man interested in 
teaching electronics, network theory, 
control systems and computers at under- 
graduate and graduate level. Appoint- 
ment effective September 1961. Write 
to Chairman, Electrical Engineering De- 
partment, University of Houston, Hous- 
ton 4, Texas. 


MECHANICAL ENGINEERING 
teaching vacancy: Ph.D. desired, Mas- 
ter’s degree required, heat transfer em- 
phasis preferred. Salary and academic 
rank dependent upon qualifications and 
experience. Apply to: Dean, Norwich 
University, Northfield, Vermont, 


ELECTRICAL ENGINEERING. 
Teaching positions are open in the areas 
of circuits, digital computers, measure- 
ments, communications, control systems 
and electronics at the undergraduate 
level. Rank and salary are dependent 
upon qualification. Apply to the Acting 
Chairman, Department of Electrical En- 
gineering, Essex College, Windsor, On- 
tario, Canada. 


MECHANICAL ENGINEERING POSI- 
tion—to teach undergraduates and direct 
graduate programs in the thermodynam- 
ics—heat transfer field. Write A. W. 
Anderson, Chairman, Mechanical Engi- 
neering Department, North Dakota State 
University, Fargo, North Dakota. 


TEACHING POSITION-—SOIL ME- 
chanics and foundations. The under- 
graduate course is given in French. 
Ability to initiate and develop a research 
program in that field for the graduate 
school. Civil engineering experience and 
advanced degree required. Apply in 
French: Head, Department of Civil En- 
gineering, Laval University, Quebec, 
Canada. 


POSITIONS AVAILABLE IN ELEC- 
trical Engineering, Mathematics, and 
Physics. M.S. required, Ph.D. desired. 
Salary and rank commensurate with 
qualifications. Apply: Earle M. More- 
cock, Dean, College of Applied Science, 
Rochester Institute of Technology, 65 
Plymouth Avenue South, Rochester 8, 
New York. 


ASSISTANT OR ASSOCIATE PROFES- 
sor of Mechanical Engineering. Will be 
responsible for courses in the field of 
Applied and Theoretical Mechanics. 
Must be interested in research. Ph.D. 
preferred. Write to Department of Me-— 
chanical Engineering, Oregon State Col- 
lege, Corvallis, Oregon. 


RESEARCH AND GRADUATE 
Teaching professorship in Mechanical 
Engineering is open in thermal power 
and fluid dynamics. Excellent oppor- 
tunity for man with Ph.D. degree. Ap- 
ply Head, Mechanical Engineering De- 
partment, The Pennsylvania State Uni- 
versity, University Park, Pennsylvania. 
(Continued on page 843) 
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Engineering and Education 


A Statement Prepared by a Committee 
of the School of Engineering 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
March, 1961 


Recent trends in college enrollment in engineering and science curricula suggest that 
the public image of engineering has been overshadowed by the popular attitude toward 
physics and mathematics. In an attempt to correct confusion in the public mind between 
engineering and science, a committee was appointed in the School of Engineering at the 
Massachusetts Institute of Technology to prepare a statement about engineering and engi. 
neering education. That statement is reproduced below. 


Engineering is a profession. Its mem- 
bers do creative work which results in 
things that people need or want. These 
things may be highways, submarines, in- 
terplanetary vehicles, antibiotics, or tele- 
vision. Science, on the other hand, is a 
search for knowledge. The science of 
mathematics extends abstract knowledge. 
The science of physics extends organized 
knowledge of the physical world. In 
each of these consideration can be limited 
to a carefully isolated aspect of reality. 

The engineer must deal with reality in 
all its aspects. He must not only be 
competent to use the most classical and 
the most modern parts of science, but he 
must be able to devise and make a prod- 
uct which will be used by people. More- 
over, he must assume professional re- 
sponsibility insofar as the safety and 
well-being of people are affected by the 
thing he makes. 

A sound program which majors in en- 
gineering or one of its branches—civil, 
mechanical, chemical, etc.—will be the 
most stimulating and rewarding under- 
graduate experience for the great major- 
ity of candidates for engineering. They 
will find in it not only the science of the 
modern physicist, but also the other kinds 
of science—for example, fluid mechanics, 
or electric-circuit theory—which the en- 
gineer uses and develops as_ incisive 
means for resolving the complex prob- 
lems of the real world. Such a program 
grows out of an educational environment 


created by men in contact with the world | 
of people and industry which serves the | 
people. It will include attention to the | 


furtherance of many parts of science 
which are of special interest to the en- 
gineer. 

Engineering education is being w- 
gently called upon to produce graduates 
well versed in rapidly advancing science 


who will lead industry and the public) 
into the new world which engineering | 
will make possible. Engineers will often | 
discover in science through their own re- | 


search and invention or through the find- 


ings of scientists those things which can” 
be put to human use. In any engineer | 
ing achievement, however, the thing pro | 
duced is the objective, and all mean” 
available to the intellect of man will be) 


employed to reach that objective. Sc- 


ence and its application remain a part, 


but only a part, of any great engineering 
advance. Supersonic aircraft could have 


been devised and made only by eng: 
neers with great resources in science. Ih} 
order to make the first supersonic ait 
plane, however, science had to be com) 
bined with the engineer’s drive towarl 


creation of a predetermined object 


Young people who can respond to this) 
kind of challenge are needed now, but) 
they will be needed as never before it) 


the years ahead. 


C. S. DRAPER 
J. H. Kennan J. B. WiLBuR 
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Individual Projects 


An Experiment in Engineering Education 


WALTER McKAY 


Department of Aeronautics and Astronautics 
Massachusetts Institute of Technology 


Introduction 

This deals with an experiment in en- 
gineering education which was con- 
ducted in the Department of Aeronautics 
and Astronautics at M.I.T. during the 
term beginning in September 1959. In 
view of the recent interest in such ex- 
periments, it seems appropriate to report 
on any such endeavor. Subject 16.302, 


An experiment in engineering educa- 
tion by the project method was car- 
ried out during the 1959 fall term in 
the Department of Aeronautics and 
Astronautics at M.I.T. in conjunction 
with the teaching of a fourth year 
professional subject in automatic 
control. The experiment involved 
student selection and execution of 
2 individual projects for each of 
which an oral presentation was made, 
a report written, and criticism re- 
ceived. 

The students responded enthusias- 
tically and diligently to the challenge 
of individual work and most did a 
good job. It is felt that they bene- 
fited greatly from the practice in 
presentation, from the experience of 
mastering new subject matter on 
their own, and from the necessity of 
considering more complex situations 
on a broader basis than previously. 

The class of 54 students was handled 
by the writer with the help of a 
teaching assistant. Each of these 
devoted an average of 4.5 hours to 
each student in connection with his 
individual project effort. Although 
expensive in teaching time compared 
with ordinary group lectures, the 
results achieved seem worth the cost. 
The scheme is well adapted to fourth- 
year professional subjects in which 
the student has already had some 

ic preparation. 
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Aeronautical Systems, was taught as a 
required fourth year subject to a class of 
54 seniors by the writer, with the com- 
petent help of Mr. Theodore Blaschke, 
Teaching Assistant. Teaching was by 
the individual project method and it was 
the use of this technique which made it 
an experiment. 


Background 


The fields of automatic control, aero- 
dynamics, structures, and propulsion are 
considered by the Department to be the 
comer posts of its professional educa- 
tional structure. Automatic control was 
added to the curriculum in 1954 and a 
course entitled Principles of Automatic 
Control was introduced as a fourth-year 
first-term subject. This was supplemented 
during the first term by automatic control 
laboratory exercises. It was further sup- 
plemented during the second term by an 
automatic-control design project. Also, 
during the second term, an elective subject 
entitled Aeronautical Systems was offered 
for students who wished to pursue this 
area further. In 1957 another curric- 
ulum revision was made in the interest 
of including further required work in 
automatic control. The first “principles” 
subject was moved to the second term 
of the third year and the “systems” sub- 
ject was made required and moved to 
the first term of the fourth year. The 
present senior class is the first to Lave 
come through this latter program, and 
with the adoption of the curriculum 
changes in prospect at this writing, this 
will be the only class to do so. 

The inability of engineers to write and 
speak well has long been held to be an 
inadequacy in engineering education. 
Engineers are by no means unique 
among professional men in this regard, 
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but this does not invalidate the criticism. 
Competence in writing and speaking can 
be improved if instruction in these arts 
is given and if opportunity for practice, 
under criticism, is provided. 

The tendency of undergraduate stu- 
dents toward passiveness in their atti- 
tude toward education is frequently de- 
cried. Students are accustomed to listen- 
ing to a lecturer and working problems 
and quizzes based on the lecture mate- 
rial. Learning acquired by individual 
work normally becomes possible only 
when a design project, experimental proj- 
ect or thesis is undertaken. It seemed 
worthwhile to try to extend the idea of 
individual work, so successful in these 
instances in developing engineering ca- 
pability, to a subject which ordinarily 
would be taught in group lectures. 

Previous experience in project teach- 
ing was obtained a year ago when the 
same subject, then elective, was taught 
on this basis to a small group. Student 
response was excellent and the results 


obtained were thought good enough to 


warrant a further trial. 

With the foregoing in mind, this year’s 
class was offered at the outset the choice 
between conducting the subject on an 
individual project basis or on a conven- 
tional lecture basis. After hearing the 
proposed ground rules and a pitch for 
the proposed experiment, the class voted 
for individual projects by a good margin. 


Conduct of the Subject 


During the term each student prepared 
2 individually selected and executed 
projects, one of which was to be broad 
and general and the other narrow and 
detailed. Both written and oral presen- 
tations were made on each project. The 
oral presentations were 20 minutes long 
and were made before an audience of 
8 classmates and 2 instructors. Thus in 
a 50-minute class period, 2 presentations 
could be made with 5 minutes available 
for discussion following each talk. Six 
groups, each meeting once a week dur- 
ing the last 10 weeks of the term, were 
formed to make this arrangement pos- 
sible. Ten lecture hours were used in 


this way, the remaining class time having 
been used for lectures by the instructors. 
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TABLE 1 


MASSACHUSETTS INSTITUTE OF TECHNOLOCy 
DEPARTMENT OF AERONAUTICS 
AND ASTRONAUTICS 


16.302 Topics 1959 


_ McKay 


Guidance 
Inertial Guidance 
Radio Guidance 
Doppler Radar 


Infra Red Systems 
Sonar 

Early Warning Systems 
Air Traffic Control 


Collision Avoidance 
Automatic Landing Systems 
Human Dynamics 

Self Adaptive Control 


Optimalizing Control 

Sampled Data Systems 

Cruise Control 

Digital Computer Solution of Control 
Problems 


Analog to Digital Conversion 
Digital to Analog Conversion 
Digital Differential Analyzer 


Analog Integration 


Analog Computer Solution of Non-Linear 
Problems 

Bombing Systems 

Orbit Control System 

Operations Research 

Reliability 

Procurement 

Information Theory 

Information Storage 


Information Coding 
Telemetering 

Data Recording 
Data Reduction 


Power Boost Systems 
Artificial Feel Systems 
Hot Gas Servo 

Servo with Saturation 


Servo with Backlash 
Relay Servo 
Hydraulic Servos 

Jet Reaction Controls 


Inertial (flywheel) Controls 
Cockpit Data Presentation 
Signal Shaping 

Gyro Vertical 

Gyro Compass 

Transistors 

Maser 
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June, 1961 INDIVIDUAL PROJECTS 
Asingle hour quiz on the instructors’ lec- 
ture material was given on the last day 
as a stimulus to interest in these lectures, 
no homework having been assigned. 
Grades for the subject were based prin- 
cipally on the individual projects. 

Each student chose his own project 
topics, restricted only by conditions of 
relevance and non-duplication. As an 
aid in the selection of first topics, the 
list shown as Table 1 was distributed to 
the class. The students were urged to 
choose subjects of interest, either from 
the list or elsewhere, with which they 
had no previous familiarity. To the ex- 
tent that this was heeded, the class re- 
vealed its interests and most strongly 
felt deficiencies. 

The titles of the projects actually se- 
lected are given in Table 2 along with a 
summary classification of these titles. 

Excellence of oral and written presen- 
tations was stressed as an important as- 
pect of the projects. For the oral part, 
the students were asked to pitch their 
talks to a supposedly strange audience 
of their technical peers having no pre- 
vious knowledge of the subject at hand. 
They were asked to prepare and practice 
for these as though their professional 
futures depended thereon. For the writ- 
ten part they were told that their writing 
would be judged as being the best they 
could do. A maximum length of 5,000 
words was proposed. 

The class was fortunate in having Pro- 
fessor Robert Rathbone of the Human- 
ities Department give a lecture on re- 
port writing. Professor Rathbone has 
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TABLE 2 


Project Topics AND ORAL PRESENTATION 
SCHEDULES 


CLASSIFICATION OF Project TOPIcs 
IN ORDER OF POPULARITY 
No. of 
Projects 

Automatic Flight Control 12 
Instrumentation—Measurement 

Devices 12 
Special Control Systems 10 
Guidance 10 
Control System Analysis 10 
Digital Computer 
Electronics 
Control System Components ~ 
Radio Navigation 
Air Traffic Control 
Human Factors 
Telemetering 
Reliability 
Communications 
Servo 
Infrared 
Operations Research 
Data Presentation 
Analog Computer 


had wide experience in this field and 
gave a most useful as well as engaging 
lecture on the techniques of writing re- 
ports. He distributed excellent notes 
which were generally used by the class. 
Professor Rathbone also made _ himself 
available to individual members of the 
class for consultation and several stu- 
dents went to him for help as they wrote 
their reports. 

Both the writer and Mr. Blaschke at- 
tended all oral presentation sessions and 
each kept score on the speaker’s perform- 


Bc. 1. 


Massachusetts Institute of Technology 
Department of Aeronautics and Astronautics 


16.302 


Student Project 


Fall, 1959 


Oral Presentation Criticism 


Name of Speaker: 

Subject: 

Relation to audience: 
Technique of presentation: 
Grasp of subject: 

Content: 

Suggestions: 


(for students’ use) 


i 
| 
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ance, using the upper, part of the form 
shown as Exhibit C. Although this form 
is more detailed than needed for most 
talks, all of the headings were used at 
one time or another. 

During the latter part of the course, 
at student instigation, the oral perform- 
ances were also scored by each of the 
listening students, using the form shown 
as Figure 1 for keeping the record. The 
purpose here was to foster a critical lis- 
tening attitude and a feeling of non- 
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The written reports on the projects 
were submitted at the time of the oral 
presentation. These written reports were 
read by both instructors within the fol- 
lowing few days. During this reading, 
the reports were annotated with criticism 
and the lower part of the instructor’s 
scoring sheet (Fig. 2) was filled out. 
As soon as possible thereafter, normally 
3 or 4 days after the talk, the student 
met privately with both instructors for 
a half hour to discuss both the substance 


passiveness with regard to the talks. of the project and its execution. Other 
Fic. 2. 
16.302 Acronautical Systems Fall 1959 
Student Project Report 
Name: 


Broad 
Project Title (Narrow) 
Date Submitted: 


PRESENTATION 
Presentation: 
Relation to audience 
Appearance 

Speech clarity 
Sentence structure 
Speed 
Blackboard/charts 
Timing 

Logical order 
Proper emphasis 
Shows practice 
Content: 

Problem defined 
Approach 

Important omissions 
Overall opinion 


WRITTEN REPORT 
Organization 

Clarity 

Style 

Paragraphing 
Sentences 

Choice of Words 
Grammar 

Spelling 

Editing 

Appearance 

Credits 

Bibliography 
Emphasis 

Major omissions 
Understanding of subject 
Previous background 
Apparent preparation 
Overall opinion 

Date of interview 


by: 
with: 
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June, 1961 INDIVIDUAL PROJECTS 
students’ criticisms of the oral talk were 
also transmitted to the speaker, with 
identity protection of the critics. 

At the end of the term, the students 
were asked to indicate their opinions of 
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the whole venture, and for this purpose 
so-called feed-back sheets, of which a 
sample is shown in Figure 3 were dis- 
tributed and collected from about half 
of the class. 


Fic. 3. 


Massachusetts Institute of Technology 
Department of Aeronautics and Astronautics 


16.302 


familiarity with subject? Other reasons? 


Feedback Sheet 
Please state your reasons for choosing your topics. 


Fall, 1959 


Availability of materials? Previous 


Please indicate the preparation time for both projects 


Hunting subject and material 
and study of same: 

Organization, writing, editing: 

Oral presentation: 

Total: 


First Project Second Project 


Please make any suggestions which you feel would improve the course 


Should the course be made elective instead of required? 


Although not involved in the individ- 
ual project idea, the material included 
in the instructors’ lectures will be men- 
tioned for completeness. There were 30 
such lectures which dealt with 4 topics. 
The techniques of analog computation 
with application to the organization of 
a flight simulator was discussed in 12 
lectures. The next 5 lectures treated the 
problem of vertical indication in aircraft 
with emphasis on the increased difficul- 
ties associated with higher flight speeds. 
The next 9 lectures, given by Mr. 
Blaschke, presented the subject of ran- 
dom signals in control systems with ap- 
plication to aircraft gust response. A 
set of notes on this topic was prepared 
and distributed. Finally, 4 lectures were 
given on the general aspects of the 
measurement of physical quantities. An 
hour quiz on this lecture material was 
given at the end. 


Results 


The general feeling is that the indi- 
vidual project experiment was successful. 
The students gained much in having to 
choose two topics, run down and study 
reference information, organize, write 
and edit reports, prepare and present 
talks, and face criticism. They took 


their tasks seriously and worked hard to 
do a good job, devoting typically 40 to 
50 hours to the preparation of each 
project. The prospect of speaking to an 
audience of fellow classmates stimulated 
their preparation efforts. Their level of 
accomplishment was better than had 
been expected with regard: both to sub- 
ject matter and presentation. 

Choice of project was governed by in- 
terest in and desire to learn more about 
the topic. This is clear in the students’ 
responses to the first question on the 
feedback sheet (Exhibit E). A few less 
enterprising students based their selec- 
tions on the availability of library refer- 
ence material. 

The choices of projects as summarized 
in the classification of Exhibit B indicate 
a wide range of interests, with automatic 
control systems, instrumentation and 
guidance most popular but with com- 
putation and communications subjects 
close behind. 

The oral presentations must be thought 
of as having been practice for the speaker 
and as practice in critical listening for 
the student audience rather than as ef- 
fective teaching of new subject matter. 
Even a skilled teacher would have been 
hard put to present in only 20 minutes 
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some of the subjects which were at- 
tempted. In a number of the talks, the 
speaker left his audience behind early 
in the talk and, failing to realize this, 
went blissfully on his way. During the 
second round of talks, when this hap- 


pened, the speaker was interrupted, usu- - 


ally by the instructor, in attempts to 
prevent complete bafflement of the audi- 
ence, thereby giving the speaker some 
fringe benefit practice in coping with 
questions. 

The students had been urged to prac- 
tice their talks out loud in advance in 
order to help with timing, and most did 
well in this respect. Some were thrown 
off by failing to include blackboard work 
in their practice. Those who came off 
best had pre-drawn their illustrations 
either on the blackboard or on charts 
so that their precious speaking time was 
not used up in writing. Trying to write 
and talk at the same time is not for a 
tyro. 

The making and keeping of contact 
with the audience varied greatly, de- 
pending primarily on the speaker’s per- 
sonality. The class had all kinds, from 
smooth performers to those who faced 
the blackboard and droned into space, 
even as some professors. 

The 20-minute period for the talks 
was too short to permit adequate treat- 
ment of the subjects. The 5-minute dis- 
cussion period which followed was even 
less adequate. Even though this was 
clear early in the schedule, no reasonable 
solution was apparent. Thirty minutes 
for the talk and 20 minutes for discus- 
sion would have been about right for 
both speaker and audience. 

There was an unanticipated but defi- 
nite psychological effect which came 
from holding the talks in a conference 
room where the audience sat around a 
table, rather than in a regular classroom. 
Several volunteered that this “set them 
up,” making them feel as though they 
had arrived at a more participating level 
than they were used to in the classroom. 
The fact that the speakers wore a coat 
and tie may also have helped in setting 
the tone of these meetings. 

Almost all the class turned in written 
reports which conveyed the writers’ 
thoughts reasonably well. This is not to 
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say that there were no writing faults, for 
indeed there were many, the nature of 
which are so well known that they need 
not be detailed here. Despite these, 
however, the messages got through. 
Most of these students, if they apply 
themselves to the task, can write well 
enough for professional purposes to get 
by. Given further writing practice un- 
der criticism, some could write well. 
Only 2 men turned out to be very poor 
writers. This handicap was evident in 
their secondary schools but did not in- 
terfere with their admission to M.LT. 

As to the students’ thoughts them- 
selves, as contrasted to the expression of 
them, the picture is not clear. The 
better men in the class knew what they 
were doing by the time they sat down to 
write. For the others, the necessity of 
meeting a deadline forced them to reveal 
a lack of adequate grasp of the subject 
in spite of their earnest efforts. How to 
acquire this grasp on one’s own takes 
some learning and practice, and it is not 
to be wondered that some efforts were 
undistinguished. As examples of forms 
which this took, one may name failure 
to understand the underlying basis of 
the topic, lack of feel for the big pic- 
ture, and unfamiliarity with hardware. 
The latter two of these are the result of 
inexperience and the nature of their 
education and should not be charged 
against the ability of the students. On 
the credit side, due to the broadness of 
the topics and to the instructions given 
for treating them, there was little escape 
into mathematical analysis in evasion of 
the subject. 

It will be appreciated that generally 
the writing of these reports was done at 
the last possible moment, leaving insuff- 
cient time and energy for rewriting and 
editing. Admonitions to include this 
finishing step were heeded by only a 
handful of the class, as might have been 
foreseen. 

The instructors’ lectures were gratify- 
ingly well attended even though the stu- 
dents were answerable for the material 
covered only in one quiz which they 
knew would have no more than a sec- 
ondary effect on their grades. This por- 
tion of the subject was quite separate 


from the individual project aspect. These | 
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June, 1961 INDIVIDUAL PROJECTS 
lectures were aimed at the study of cer- 
tain specific automatic control problems 
and included coverage of means of im- 
plementation as well as analytical tech- 
niques. It is felt that engineering flavor 
in these lectures was more important 
than the content. 


The Cost 


An education experiment of this na- 
ture can be carried out only at the ex- 
pense of a larger amount of instructor 
time than is needed for teaching in the 
ordinary way. Apart from the instruc- 
tors. lectures, the time devoted to the 
task by each instructor on a per-student 
basis was as follows: 


Discussions with student relative 
to choice of subject and 


sources of information 0.5 
Listening to two oral presenta- 

tions of 0.5 hour each 1.0 
Reading two reports at 1.0 hour 

each 2.0 


Meeting student to discuss two 

oral and written presentations 

at 0.5 hour each 1.0 
Total individual time per stu- 


dent for each instructor 4.5 hours 
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This adds up to a lot of time. If this 
scheme is more widely used, the teach- 
ing of a single subject becomes more 
than a full time assignment. It is not 
realistic to think that the technique can 
be widely used in undergraduate educa- 
tion. Its best application would appear 
to be to fourth-year subjects. This 
would permit the student to acquire 
enough basic background in the earlier 
years to equip him for this more profes- 
sional type of effort. 

The results achieved warrant this in- 
creased cost, if quality of education 
comes first. Feedback from the students 
indicates their satisfaction at having taken 
part in this experiment. 

As a consequence of the relatively 
large amount of individual time spent 
with students, the writer became ac- 
quainted with them as individuals to a 
degree never before attained by him in 
a classroom relationship. On the stu- 
dents’ side, they perhaps never before 
spent this much individual time with a 
staff member at M.I.T. The writer can 
say that he found that the personal re- 
wards accruing from this far outweigh 
the psychic drain of doing the job. 


TESTING SYMPOSIUM 


A three-day symposium, Physics and Nondestructive Testing, will be held at 


Argonne National Laboratory on October 3, 4 and 5, 1961. 


The purpose of the 


meeting will be to stress the fundamental physics on which the technology of non- 
destructive testing is based. New methods or the application of concepts new to non- 
destructive testing will be included. Methods for the nondestructive evaluation of 
materials will be stressed rather than applications. 


TECHNICAL INSTITUTE EVALUATION STUDY 


The National Science Foundation has announced a grant of $47,250 to ASEE for 
an evaluation study of technical institute education. The general objective of this 
project is a profession-wide effort to improve technical education in technical institutes 
by conducting a study of the present role of technical institute education and its 
relation to engineering education. 

The project will be supervised by the ASEE Ad Hoc Committee on Evaluation of 
Technical Institute Education. 


| 
q 
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Report to ASEE on The International Technical 
Congress of Agricultural Machinery, 
Paris, March 2-7, 1961 


ARTHUR W. FARRALL 


Head, Agricultural Engineering Department ° 


Michigan State University 
East Lansing, Michigan 


I am pleased to report that as the offi- 
cial representative of the American So- 
ciety of Engineering Education at the 
International Technical Congress of Agri- 
cultural Machinery at Paris, which was 
held March 2 to 7, the writer presented 
a paper entitled “Advanced Training in 
Agricultural Engineering for World Agri- 
culture.” This is a paper under the 
joint authorship of the writer and Dr. 
Merle L. Esmay of the Agricultural En- 
gineering Department, Michigan State 
University. The Congress was held in 
the UNESCO Building in Paris and un- 
der the direct jurisdiction of the Minis- 
ter of Agriculture for France. 

The general theme of the Congress 
was the role of agricultural machinery 
in raising the level of human conditions, 
and in particular the assistance to coun- 
tries in the process of development, as 
inscribed in the “Freedom From Hunger” 
campaign founded by the FAO of the 
United Nations in 1960. 

It was brought out that two out of 
three persons in the present world are 
undernourished and that the number of 
inhabitants in the world is increasing 
more rapidly than the food resources; 
thereby, offering cause for concern not 
only in the present, but even more so in 
the future. At the Congress it was 
pointed out that the real problem is to 
give people the means to assure their 
own subsistence by increasing agricul- 
tural production, by putting new land 
under cultivation, by improving the soil, 
by irrigation, by preservation of land al- 
ready under cultivation, by crop protec- 
tion and by increasing the farmer’s pro- 
ductive efforts. All this will also create 
an increase in the purchasing power of 
these countries and provide a solid basis 
for future development. 

The solution of these problems requires 
that agricultural implements must be 


made available which are well adapted 
to the land, climate and local crops. 

Key representatives were present from 
all of the major countries of Europe and 
America and from the USSR, as well as 
from most of the newly emerging coun- 
tries of Asia and Africa. 

Forty-four papers were presented. 
Each was given in four languages: Eng- 
lish, French, German and Russian. Ex- 
tensive use was also made of colored, 
sound movies, which were, in the writer's 
opinion, particularly effective in getting 
the story over. 

It was apparent that not only the 
United States, but most of the countries 
of Europe, as well as Russia, are becom- 
ing quite active in this program to assist 
the emerging countries. 

It is also apparent that we need better 
coordination of activities between the 
different agencies who are working in 
this field. There appears to be consider- 
able duplication of effort; however, at 
the present stage it has not been too 
serious. As the program of education 

develops, however, this could be a prob- 
lem. 

It was apparent that one of the most 
important problems in world agriculture 
is water management and control, as 
large areas are either too dry or too wet 
to produce effectively. 

The papers also brought out the fact 
that there is need for engineering de- 
sign of equipment specially adapted to 
the various countries and equipment 
which the countries can afford to pur- 
chase or use. 

It was apparent that education is the 
most important factor in solving the 
problems which are encountered in these 
countries. The tremendous variation in 
the educational level of the people poses 
very serious problems; however, they are 
not insurmountable. It appeared also 
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that the Land-Grant college type of edu- 
cational system, such as is used in United 
States, should be very effective in most 
of these countries. The idea of combin- 
ing classical education with technical 
education is just what is needed. 

Many examples of excellent work be- 
ing done by individuals who were trained 
in United States and Europe, and then 
returned to their country, was pointed out. 
It appeared to be the consensus that we 
should continue to have a broad student 
training program which would bring out- 
standing young people from the emerg- 
ing countries to the more developed 
countries for training and that these 
should then go back to their native land, 
and with such help as is necessary, estab- 
lish educational programs in their own 
country. This is the only way in which 
the education process can be carried on 
on a large enough scale to accomplish 
the result which is desired. 

The writer's paper emphasized the 
good results which have been obtained 
through a graduate training program. 
This program is effective because it 
trains outstanding young men for leader- 
ship. 

It was also apparent that along with 
the high level, or professional engineer- 
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ing training there is needed a training 
program on the technician level, to work 
directly with the producers. 

The writer also had the opportunity to 
visit with Dr. McCune, Director of the 
Educational Program for UNESCO. This 
program deals with the over-all profes- 
sional educational program in all fields 
and at all levels in the various countries 
of the world. Dr. McCune emphasized 
the necessity for building up the general 
educational level of the peoples of the 
various countries as a basis for the more 
professional and technical type of edu- 
cation, which was emphasized at the In- 
ternational Congress. 

The writer was invited to return to 
Paris in April as a member of a Board 
of UNESCO who are in the process of 
developing a new, over-all, educational 
program. It was necessary to decline 
this invitation, however, on account of 
previous commitments. 

It was a real pleasure to represent 
ASEE at this meeting, and to have the 
opportunity to visit with the representa- 
tives from various countries, and to in- 
spect a number of educational, research 
and teaching laboratories in the various 
countries of Europe on this trip. 


MEASUREMENT SCIENCE CENTER 


This Nation’s first measurement science center opened in February at George 
Washington University. Registration was expected to reach 100. 
About one third of the enrollees are graduate students from government and indus- 


try seeking advanced training and experience. 


graduates in engineering. 


The remainder are enrolled as under- 


This unique program—the only one of its kind in the free world—was organized 
by the university’s school of engineering in cooperation with the National Bureau 
of Standards and with the assistance of the Martin Company of Baltimore. 

The center will offer eight courses in metrology. Metrology is the study, develop- 
ment and application of highly precise measurement, and has not been available 
until now as a comprehensive university program in this country. 

In a situation known as the ‘measurement pinch,’ American industry and technology 
has found that the need for precision measurement has far outdistanced the instru- 


mentation and technical skills now available. 


Extremes and ranges of temperature; 


electrical, electronic and microwave measurement; factors of mathematics, mechanics 
and statistics often go beyond the ability of the measuring techniques and equipment 


in existence today. 


The National Bureau of Standards, the agency officially responsible for metrology, 
and the George Washington University have offered to meet this need through a cur- 


ticulum in measurement science. 


Students enrolled in these university courses can 


work toward engineering certificates or the degrees of bachelor, master and doctor 


of science. 


An Experiment in Teaching Engineering Research 
and Creativity to Gifted Undergraduates 


FRANK KREITH 


Professor of Mechanical Engineering 
University of Colorado 


“Creative thinking is the process of destroying one gestalt in favor of a better one.” 


Even a cursory examination of the 
milestones in the history of science re- 
veals that many of the greatest and most 
far-reaching ideas have been conceived 
by men in their twenties and early 
thirties. If we dare to generalize from 
these examples, it seems that an impor- 
tant function of higher education should 
be to provide educational programs that 
will give outstanding students in science 
and engineering opportunities to develop 
their creative talents as early as possible. 

The creative process is obviously not 
something that can be taught in the 
ordinary sense of the word “teaching.” 
It is not something that even a creative 
person lectures about or teaches to a 
student, no matter how gifted he may 
be. It does, however, seem possible to 
remove certain obstacles which might 
hinder creativity, to encourage gifted 
students to try out some of their ideas, 
to give them guidance once they have 
conceived ideas of their own, and to pro- 
vide them with an environment in which 
they are not afraid to contradict the 
authority figures of their text-book learn- 
ing. 

A preliminary experiment in “teach- 
ing” research and creative thinking along 
these lines was carried out during the 
summer of 1960 at the University of 
Colorado, under the sponsorship of the 
National Science Foundation. The re- 
sults of this program are sufficiently en- 
couraging to warrant describing it, to in- 
dicate its strong and weak points so that 
others interested in carrying out similar 
experiments can benefit from the experi- 
ence gained. 


Max Wertheimer 


Philosophy and Objectives 


In planning an educational program 
with such broad and _ difficult-to-define 
objectives as this one, it was deemed 
necessary to develop some guiding phi- 
losophy. Undoubtedly this step is one 
in which the personal background of the 
director plays a prominent part; the 
guide-lines of the present program are 
described in this paper, not for the pur- 
pose of recommending them, but rather 
to give the reader an opportunity to view 
the program more objectively. 

Among the many goals of the program, 
that of having each student acquire as 
much experience of independent work as 
possible stood out. But even a bright 
and potentially creative student, if left 
alone with a new and incompletely de- 
fined problem without any help, may 
make no progress at all. If, on the other 
hand, the teacher helps too much, noth- 
ing but routine work is left to the stu- 
dent. In addition to finding a “golden 
mean” to the amount of help, it seemed 
desirable that help given should not be 
limited to a particular problem, but 
rather to all sorts of problems the stu- 
dent is likely to encounter in his future 
career. In other words, the student 
should be helped to develop, not just @ 
special technique, but the ability t 
search out, define, and solve problems. 

Scientific research, not being a routine 
process, is very sensitive to the psycho- 
logical state of the investigator. The 
investigators in this program were under- 
graduates in engineering whose exper: 
ence was very limited and whose previ- 
ous training had only been along the 
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lines of formal course work where suc- 
cess is usually equivalent to obtaining 
the “right answer.” Considering the 
background of the participants, an im- 
portant task to begin with was to re- 
move the fear of failure, the fear of mak- 
ing a mistake by following a new and 
untried method of approach. To accom- 
plish this objective, all the participants 
as well as some graduate students were 
brought together at the beginning of the 
program for a few informal lectures in 
which examples of research from the his- 
tory of science as well as from studies 
presently in progress were discussed. 
Emphasis was placed on following the 
growth and changes of ideas, on meth- 
ods of approach, and on the mistakes 
and unsuccessful attempts at solving a 
problem. This was a very helpful and 
important part of the program. As a by- 
product, it also provided an opportunity 
for the undergraduates to become ac- 
quainted with the graduate students and 
laid the foundation for future cooperation 
between them early in the program. 

For students who desired academic 
credit (6 of 7 participants) the program 
carried 3 units as a newly created course, 
“Engineering Research,” offered by the 
College of Engineering. The participants 
were told at the beginning of the pro- 
gram, however, that no attempt would 
be made to evaluate their performance 
on the basis of the results they obtain, 
but that their methods of approach and 
original ideas would be more important 
than anything else. 


Selection of Participants and Problems 


The initial, and probably the most 
important, step is the selection of par- 
ticipants. We know very little about 
special characteristics and personality 
traits of potentially creative students. 
Help and advice in the selection process 
was given by Drs. K. R. Hammond and 
H. Gruber of the Behavior Research 
Laboratory at the University of Colo- 
rado. But research in the psychology 
of creativity is still in its infancy. 


1Most of the examples were taken from 
J. B. Conant’s book, On Understanding Sci- 
ence, a Mentor Book published by the New 
American Library. 
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The program was restricted to upper 
division students in the College of Engi- 
neering with a cumulative average of 
B+ or better. The availability of the 
program, which was scheduled to run 
for 10 weeks and provided a stipend of 
$600 for each of the participants, was 
announced in the campus paper. More 
than a dozen students expressed interest. 
Each of them was asked to submit a 
biographical sketch, in the form of an 
essay, describing his academic history, 
background and qualifications, and to 
state in detail his personal reasons for 
wishing to participate in the program. 
A critical perusal of these letters nar- 
rowed the list to 10 students—3 aero- 
nautical, 2 civil, 1 chemical, and 4 me- 
chanical engineering majors. After a 
few days 3 of these students decided to 
drop out. The remaining 7 students 
stayed with the program until the end; 
all but one plan to continue this work 
on a part-time basis during the coming 
academic year and to go on to graduate 
work. 

In addition to selecting participants, 
suitable problems must be found. Ideally, 
each participant should select his own 
problem according to his particular in- 
terest and personal preference. This, 
unfortunately, did not seem feasible be- 
cause of the limited time, funds, and 
equipment available. On the other 
hand, it was important that there be 
some choice for all and that the door to 
creative ideas not be closed. As a com- 
promise between complete freedom in 
the selection of a problem and assigning 
a problem, the following scheme was 
adopted. 

On the first day of the program a pre- 
pared list of about 20 problems was 
handed out. The problems on this list 
were generally side-lines of major re- 
search programs carried on by graduate 
students under the supervision of the 
program director. At the bottom of the 
list the possibility of suggesting “a prob- 
lem of your own” was mentioned, but 
remarks cautioning the student not to 
overreach himself were added. Two stu- 
dents proposed suitable problems of their 
own; the others selected problems from 
the list. 
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This initial selection of problems of- 
fered the possibility of a fruitful inter- 
change of ideas between the graduate 
students and the participants in the un- 
dergraduate research program. It also 
lightened the load of the program direc- 


tor because he was already familiar with- 


much of the literature, the equipment, 
and the size of the problem; it had the 
added advantage that most of the neces- 
sary equipment was available. 


Formal Conduct of Program 


Research, as well as creative thinking, 
is concerned with searching out and 
solving problems. In this process it 
happens often that the initial point of 
view undergoes changes. At first the 
conception of the problem is incomplete, 
and the outlook of the _ investigator 
changes as progress is made. Although 
this growth process is very personal and 
varies from individual to individual, there 
are several stages which seem common 
to all. 

The first stage is coming to under- 
stand the problem, to see clearly what 
is involved. The second is to see how 
the various items are related, how un- 
known is linked to known, and vice 
versa. In this stage a plan of attack is 
formulated. In the third stage the plan 
is carried out and finally the results are 
checked and reviewed. 

In order to maintain a certain amount 
of control and continuity in the evolution 
of each participant’s project, a rudimen- 
tary formal structure was imposed on 
the program. The entire group of par- 
ticipants as well as interested graduate 
students met once or twice a week for 
about 2 hours. During the first meeting 
the program was explained and, as men- 
tioned previously, a list of 20 available 
problems was passed out. After the 
problems available for projects were 
handed out, potential industrial applica- 
tions of the knowledge to be gained from 
this work were informally discussed. 
This seemed to encourage some of the 
students to let their imagination come 
into play and in one case resulted in a 
promising idea for improving the heat 
transfer characteristics of condensers and 
nuclear reactors. 
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The students spent the first week in 
the library, searching the literature, and 
gaining some background in those areas in 
which they wanted to work. The pro. 
gram director was available each mon. 
ing for individual discussions, consulta- 
tion, and guidance if necessary. Within 
this period each of the participants se- 
lected a project and at the second regu- 
lar meeting each student gave a 1). 
minute discussion of his problem. The 
next 3 weeks were devoted to designing 
or modifying existing test rigs, select- 
ing instrumentation, and formulating a 
method of attack. During this period a 
series of formal lectures was presented.’ 
These lectures followed loosely certain 
topics selected from E. Bright Wilson's 
book, An Introduction to Scientific Re- 
search, (McGraw Hill Book Company, 
1952). Particular emphasis was placed 
on statistics, design of experiments, and 
data reduction. The Kline and Mc. 
Clintock method of evaluating the ac- 
curacy of experimental data? was pre- 
sented, and special lectures on the op- 
eration of certain instruments, such as a 
hot wire, a computer, a strain gage am- 
plifier, etc., were also scheduled. 

Whenever one of the participants pro- 
gressed to the point where he wanted to 
begin his experimental work and start 
building or modifying equipment which 
required the expenditure of money, he 
presented his proposed plan of attack 
and a cost estimate in detail to the entire 
group. Although the students usually 
discussed their plans with the program 
director prior to presenting them for- 
mally, the questions asked by the group 
in the discussion period following the 
presentation of a proposed program 
proved particularly helpful and stimulat- 


ing. After a given project was consid- | 


ered sound, the equipment was built by 
a machinist with the help and supervi- 
sion of the student participant, who was 
responsible for the engineering construc: 
tion. All but one of the participants had 


2 The author would like to thank Prof. J. | 
Wagner and Dr. E. Condon for delivering | 
some of the lectures. 

3 “Describing Uncertainties in Single-Sam- 
ple Experiments,” Mechanical Engineering, 
Vol. 75 (1953), pp. 3-8. 
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their experimental programs under way 
by the end of the sixth week of the pro- 
gam. The only student unable to finish 
his work suffered from an inability to 
properly evaluate his own capabilities. 
He thought very highly of himself, 
talked about very advanced and erudite 
subjects, but did not have a irm grasp 
of basic principles. After he became 
aware of his weakness, he settled down 
to work on a problem within his cap- 
abilities, continued to work voluntarily 
on it after the end of the formal pro- 
gram, and now plans to finish his pro- 
ject during the coming school year. 

As the work progressed, the partici- 
pants presented progress reports, and 
those who wanted academic credit were 
required to hand in a formal report. The 
observation, unfortunately all too com- 
mon in engineering colleges, was made 
that even the most gifted students had 
extreme difficulties in presenting their 
work in writing without spelling errors 
and awkward sentence construction. 


Examples of Work Done 


A detailed description of the work 
done by each of the individual partici- 
pants would be too lengthy; therefore, 
only a brief outline of the projects, as 
well as some of the highlights of the 
contributions made in the course of the 
program, will be presented. 

Student A studied mass transfer from 
a rotating disk with free and forced in- 
duction. The undergraduate student 
working on this problem at first helped 
one of the graduate students to gather 
and reduce data. But he developed in- 
dependently a new and better method 
of applying naphthalene on a test disk 
by repeated skin casting, checked results 
obtained by his method of casting with 
the old method, and then proceeded to 
study details of the flow pattern by using 
softer materials which leave erosion 


marks in regions where vortex rings are 
attached to the surface. 

Student B investigated the decay of 
a turbulent swirl in a tube. He defined 
the parameters which are important 
variables and suggested some applica- 
tions of industrial potential. He built a 
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transparent test section, instrumented it 
to measure pressure drop, and developed 
a dye-injection technique suitable for 
flow visualization and _ photographic 
measurements. The project was B’s own 
idea. 

Student C intended to study the me- 
chanics of flow through a rotating pipe, 
a system on which a graduate student 
was investigating the heat transfer 
Progress on this project was slower than 
anticipated and work is incomplete. 

Student D developed a simple method 
for determining the torque coefficient of 
rotating disks, cones, and spheres. At 
first he designed a strain gage system 
with slip rings. Then he discovered a 
paper describing a method for determin- 
ing friction coefficients of bearings and 
adopted the experimental technique to 
his needs. It required the determination 
of the angular position and velocity of 
a given point on the body as a function 
of time as the system is slowing due to 
friction. The first test rig he built used 
motion pictures and a timer. D plans 
to improve it and use the problem for 
a graduate thesis. The problem was 
D’s own idea. 

Student E worked on a study de- 
signed to investigate the separation ef- 
fects due to nose spikes on various 
supersonic nose cone configurations. He 
set up the equations for reducing data on 
a Bendix G15-D digital computer. 

Student F developed a technique for 
applying the “China Clay” method to 
indicate boundary layer transition in a 
rotating system and used the technique 
to investigate the influence of source 
flow on the transition point on a par- 
tially enclosed rotating disk. He also 
designed and developed equipment to 
do the same on a rotating cone. 

Student G devised flow visualization 
methods using a smoke generator and 
high-speed photography. Previous at- 
tempts by a professional photographer 
on the same problem had only been par- 
tially successful. 


Criticisms and Shortcomings 


The only major criticism of the pro- 
gram was that the students were not 
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informed of their acceptance until a 
week before the program started, and 
that they were not given more time to 
think about their project and read up 
on their problem in the literature be- 
fore starting their work. The _first- 


mentioned shortcoming can easily be’ 


remedied. The inadequate length of 
preparation time, on the other hand, 
seems more difficult to overcome, since 
most students can not really devote their 
attention to the program until the pres- 
sure of their course work during the 
academic year ceases. A limited amount 
of preparation could, however, be done 
in the preceding semester if the summer 
program is a regularly scheduled offering. 


Evaluation and Cost 


It is difficult for the person who con- 
ceived and directed it to make an ob- 
jective evaluation of a program such as 
this. There is not doubt, however, that 
the opportunity it offered the students 
to devote themselves for a fairly long 
period of time without the pressure of 
formal course work to studying a real 
problem on their own, to delving into 
the original literature in some depth, to 
organizing their own plan of attack, and 
to carrying it out, produced a spirit of 
enthusiasm which no laboratory course 
in which specific tasks are assigned 
periodically to a group of students can 
match. It also introduced the _partici- 
pants to problems of the real world, 
such as making cost estimates, laying 
out a time schedule, checking their own 
drawings and specifications with extreme 
care, and evaluating their own strong 
and weak points as research workers. 
For those students who were not sure 
whether or not they wanted to go on to 
graduate work, the program helped to 
clarify their future plans. The inter- 
change of ideas between graduate and 
undergraduate students stimulated curi- 
osity, and many a night one could see 
an undergraduate return to his desk with 
books from the library or come back 
to the laboratory to try out a new idea 
to overcome a problem that had arisen 
during the day. 

To supplement the opinions of an 
undoubtedly subjective observer, some 
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typical remarks of the students are 


quoted below.‘ 


I would say that the undergraduate re. 
search program is a valuable educational 
experience since it provides an opportunity 
for independent study and a means for 
drawing together into an integrated picture 
seemingly unrelated material from several 
academic subjects. 

Many things that have been learned now 
take on meaning. 

I feel I have learned as much in one 
summer as I have learned in many years of 
previous schooling. This job enabled me to 
fit the many pieces of the academic jigsaw 
puzzle together. I see reasons for taking 
the courses I have already completed, and 
I am much more eager to take the rest and 
learn more. This was the first job I have 
ever had in which I actually used my 
college training to its full extent. The pro- 
gram provided me with a sense of ac- 
complishment, and it gave me the incentive 
to learn much more. 

It enables a student to see the need for 
graduate work and acquaints him with it 
in advance so that future plans can be 
made. It lets the student use his limited 
knowledge in applications that show re- 
sults. It stimulates interest in a “field of 
scientific endeavor.” At first I thought a 
lack of guidance existed in the beginning 
of the program, but now I think it is im- 
portant to let the student find himself. 


From a practical point of view one 
must also consider the cost of such a 
program. The figures quoted below are 
of course only approximations, but they 
should be indicative of the costs of 
similar programs. 

Each student was allotted about $150 
for the purpose of buying specialized 
equipment, material for building test 
rigs, and for expendable supplies such 
as film, flash bulbs, chemicals, glassware, 
and other small items required in his 
work. The cost of machining and as- 


sembling test rigs was approximately | 


$150 per student on the average. This 
expense was borne by each student's 
department. All major pieces of ex 


4 These quotes are from a questionnaire 
devised by Dr. H. Gruber for the purpose 
of studying gifted and creative students. | 
The specific question from which _ these 
quotations were taken was “What do you | 
think were the best features of the under- 
graduate research participation program?” 
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perimental and measuring equipment, 
such as a hot wire, a camera, pressure 
and temperature recorders, a stroboscope 
and a strobotac, and access to a small 
digital computer, were provided by cur- 
rent research projects and by the Col- 
lege of Engineering. 

The supervision of the program re- 
quired about half time of the project 
director. During the initial phases, when 
equipment was being conceived and 
designed, the load was heavier. On the 
basis of about $1000/month, the cost of 
supervision would thus be about $1,250 
for a 10-week period. 

An unpredictable, but probably un- 
avoidable, expense is breakage of major 
equipment. In this program a special 
electronic pressure recorder was over- 
loaded by one of the students. It re- 
quired repairs of approximately $600. 
This was of course not budgeted for in 
the original proposal, and had to be paid 
by the College of Engineering. 

As a guide for future programs of 
this type, sav for a group of 10 students, 
a reasonable minimum overall cost esti- 
mate based on the experience of this 
program would be about $12,000, exclud- 
ing overhead and major breakage. 


Summary and Future Plans 


The following conclusions have been 
drawn from the experimental program 
of undergraduate research participation 
described in this paper: 


1) Gifted undergraduates are capable 
of conducting research with a minimum 
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of supervision and in some cases can 
make original contributions. 

2) An undergraduate research pro- 
gram is an excellent preparation for 
graduate work and seems to provide 
fairly clear evidence about the potentials 
of the participants as research scientists. 

3) The minimum cost of a 10-week 
summer program is $1,200 per student 
for a group of 10 participants. 

4) successful undergraduate 
search program requires careful plan- 
ning, and its chances of success are 
enhanced if it can be coordinated with 
current graduate research. 

5) Despite the limited experience and 
background of the participants, each of 
them seemed to acquire a “feel” for 
the tactics and strategy of science and 
engineering in the course of the program. 


The College of Engineering at the 
University of Colorado is instituting a 
Superior Student Program for potentially 
gifted students next year. The Under- 
graduate Research Participation Pro- 
gram appears to be a valuable educa- 
tional experience for superior students 
and it is hoped that such a program can 
be scheduled regularly in the future.® 


5 The author gratefully acknowledges the 
assistance rendered by Prof. H. Johnson in 
supervising the program for several days 
during his absence, the help and advice of 
Dr. L. Garby and Mr. E. Meyers in building 
equipment, and Dr. J. Allen’s critical review 
of the manuscript. He also wishes to thank 
the participants for having made this pro- 
gram 2 rewarding experience. 


ENGINEERING SCIENCE AT RPI 


Establishment of an engineering science curriculum at Rensselaer Polytechnic 
Institute effective in September has been announced by Dr. Clayton O. Dohrenwend, 


The first three years of the program provide courses in basic science, mathematics 
and engineering science’ that place greater emphasis on the mathematical and analyt- 


ical approach than is true of most other engineering curricula. 


For his senior year 


program, however, the student is encouraged to elect a sequence of courses either of 
a physics-oriented nature or chemistry-oriented nature to suit his personal interests 


and objectives. 


Cooperative vs. Competitive Learning 


ARNOLD ROE 


Associate in Engineering, 
University of California, 
Los Angeles 


The increasing complexity and mag- 
nitude of engineering projects has led, in 
industry, to the widespread use of the 
group or team approach to the solution 
of problems. Within such groups or 
teams, engineers must learn to work in 
a cooperative, or at least non-competitive 
manner to facilitate the achievement of 
a given group objective or goal. Many 
studies have been conducted in indus- 
trial settings to determine what effect 
cooperative effort has on group achieve- 
ment, and also to determine how coopera- 
tion within the group can be established 
and maintained. 

An analogy can be drawn between the 
engineering group or team in industry 
and the (ad hoc) group of students in 
an engineering classroom if we define 
the goal of the student group to be 
“learning.” It then becomes interesting 
to examine what effects cooperative and 
competitive attitudes and environments 
may have on individual achievement in 
this student group. 

Before doing so, let us examine some 
apparently unrelated concepts and then 
proceed to illustrate how these concepts 
may operate in the classroom setting. 

Firstly, we might consider R. B. Cat- 
tell’s? synergy concept. Cattell divides 
the total goal seeking energy (which he 
calls “synergy”) invested in a group by 
its members into two parts: 1) the part 
that goes into internal friction and group 


1R. B. Cattell, “Concepts and Methods in 
the measurement of group syntality,” Psy- 
chol. Rev., Vol. 55 (1948), pp. 48-63. 


Presented at the Annual Meeting of 
the Pacific Southwest Section, Amer- 
ican Society for Engineering Educa- 
tion. 


building and maintenance roles, 2) the 
part used to carry out the explicit pur- 
pose of the group. 

The energy expended in individual 
roles is definitely not available for task 
achievement. 

The energy used in group building 
roles, while not directly available for task 
achievement, probably does contribute to 
the task achievement if it promotes 
amicable interchange of ideas and opin- 
ions among the participants and facil- 
itates the acceptance of a common group 
solution. 

Secondly, there is a concept which can 
be called the Rule of Precedence. 
Briefly this may be stated as follows: be- 
havior associated with personal or inter- 
personal anxiety takes precedence over 
behavior directed towards task achieve- 
ment. In our model (Fig. 1) we might 
say that the internal work requirements 
must be satisfied before considering the 
remaining energy available for useful 
work. 

The third concept is concerned with 
motivation. What makes people do 
things? No one has yet developed a 
generally acceptable answer to this ques- 
tion. However, underlying many of the 
currently proposed answers seems to be 


the somewhat ambiguous idea of the life | 


urge or will to live (what Henri Bergson 
called, “elan vital”). In the past, where 
man lived in a world of real or imagined 


2N. G. Flanders, “Personal-social Anxiety 
as a Factor in Experimental Learning Situa- 
tions,” J. Educ. Res., Vol. 45 (1951); pp. 
100-110. E. S. Jones, “College Graduates 
and Their Later Success; a Study of Data 
Concerning Male Students of the University 


of Buffalo Related to Their Careers Twenty | 


Years after Graduation,” University of Buf- 
falo Stud., Vol. 22 (1912), pp. 117-208. 
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| 


| TOTAL ENERGY AVAILABLE | 


| INTERNAL WORK 
| (LOSSES ) | 


| 


USEFUL WORK 
(OUTPUT) 


| 


INDIVIDUAL ROLES | 


| 
Differing Goals 


Competing paths 
to the same goal 


Selfish, anti-social 
status rivalry, 
aggressive, 
self-submissive, 
self-assertive, & 
leader follower 
activities 


Fie. 1. 


scarcity, this life urge resulted in a com- 
petition for what was envisioned as an 
adequate share of the limited resources. 
People competed for what were mutually 
exclusive goals—and acted more or less 
in accordance with the “law” of the sur- 
vival of the fittest. 

We are told that competition is a 
“natural” or inherent characteristic of 
human behavior. However, a careful 
scrutiny of history reveals many exam- 
ples of cultures which did not exhibit the 
rather widespread competitive spirit char- 
acteristic of modern western society. 
The serfs of the European middle ages 
and of the Inca civilization were notably 
lacking in this competitive “character- 
istic.” W. F. Ashly Montagu, in his 
book On Being Human, suggests that 
there is just as much evidence for sup- 
porting man’s cooperative characteristics 
as there is for his competing character- 
istics. Furthermore, perhaps for the first 
time in the history of man, there is the 


' possibility that we can live in a world of 


abundance rather than scarcity, and if 
some of the human energy currently ex- 


GROUP BUILDING & | 
MAINTENANCE ROLES | 


| 


Organizer 
Moderator 
Encourager. 
Harmonizer 


Expediter 


Synergy concept. 


pended in competitive conflict to deter- 
mine who gets what share of a small pie, 
is instead expended in helping to create 
a bigger pie, some of our Malthusian 
fears might disappear. 

A fourth concept, and perhaps the 
most important one, is that concerning 
significant or meaningful learning. This 
concept stipulates that learning is not the 
accumulation of bits of knowledge. 
Learning does not become significant un- 
til the student remakes or synthesizes 
the bits of knowledge into a meaningful 
whole, related to his previous experience 
and resulting in a change in attitudes, 
beliefs or patterns of behavior. Such a 
definition of learning makes the learning 
process a personal matter, very largely 
dependent for its success on the willing- 
ness and needs of the individual student. 

Let us examine, now, these various 
concepts in relation to the classroom set- 
ting. We might return to our first model 
(Fig. 1) and decide that the ideal situa- 
tion is one where all of the available 
energy is utilized in providing each mem- 
ber of the group with the maximum op- 


| 
‘ 
| 
| 
| 
| 
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portunity for meaningful learning. How- 
ever, some of the energy which could be 
directed towards this goal is lost in in- 
ternal work or friction, and part of this 
friction within the group arises because 
the goal is not viewed as being mutually 
attainable by all, but rather as an exclu- 
sive prize to be won by successful com- 
petition against others. If this seems an 
exaggeration, ask any student how he 
feels. Students compete to enter a col- 
lege of their choice, and they compete to 
stay in. And to the extent that students 
view their schooling as job preparation, 
they compete to acquire tangible signs 
(good grades, honors, etc.) of proficiency 
in this attainment. This competitive at- 
titude is continuously reinforced by the 
daily encounter with the effort-reward 
pattern common in many classes. If you 
study hard, you do well on the exam 
and you get a good grade. 

Except in rare cases, the student sel- 
dom stops to consider such things as a 
common class objective in learning. This 
competition for the few “A” grades 
meted out to a class is often consciously, 
and almost always unconsciously, fos- 
tered by the instructors. Sometimes the 
instructor unconsciously measures the 
_ students against himself (the instructor), 
and this can be extremely frustrating to 
the student who may feel that he could 
never reach the instructor’s level of at- 
tainment. Most often the teacher meas- 
ures the students against each other. 
Now, in both cases this is imposed learn- 
ing, goaded from the outside and not 
necessarily related to the student’s own 
need or readiness to make a meaningful 
experience from the educational process 
to which he is being exposed. Stated 
another way, significant learning is es- 
sentially self-learning and self-discipline. 
An externally imposed discipline, whether 
it comes from parental pressure, the 
threat of bad grades, or competitive 
striving, may increase the student’s store- 
house of elemental ‘bits of knowledge, or 
may raise the grade-point average of a 
university, but probably does little to in- 
crease meaningful learning. 

It is interesting to note here that the 
word discipline comes from the Latin 
descere, to learn, and the ancient con- 
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cept of learning was to a large degree 
what we would call self-discipline. No. 
tice that we have to add the qualifying 
self because the current connotation of 
discipline is that which is related to ex. 
ternal rather than internal sources. 

So far we have examined only concepts 
and unsupported conclusions. Whether 
they are accepted as valid or not prob. 
ably depended largely on what previous 
notions or experience on the subject each 
of us has had. However, this field has 
not escaped its share of scientific inves- 
tigation. The results of these experi- 
ments are by no means conclusive, and 
do not be surprised if there are contra- 
dictions in the various experiments, or if 
our personal conclusions about the ex- 
perimental evidence differs. 

Very few of the experiments attempt 
to measure meaningful learning, that is 
learning which results in changes in at- 
titudes, beliefs or patterns of behavior. 
One reason that this is not done is be- 
cause of the difficulty in measuring such 
changes. Most of the experimenters, 
therefore, report on knowledge of subject 
matter, rather than on meaningful leam- 
ing. This distinction is important to note 
because there are situations where one 
student may have assimilated into his 
personal experience more than a second 
student and still remain less knowledge- 
able about the subject than the second 
student. Such a situation probably arose 
in Asch’s non-directive teaching experi- 
ment.? A group of students in a non- 
directive teaching class were informed at 
the beginning of the semester that there 
would be no final examination. 
they were tested at the end of the semes- 


ter they did not do as well as a standard } 


lecture class that was used as a control 


group. Probably they were not as wel | 


prepared for the test as the control 
group. Raven ‘ found that students were 


better prepared if he told them at the} 


beginning of the semester that there 
would be a final exam. What may be 


happening here is that if a student dis- | 


3M. J. Asch, “Non-directive Teaching in 
Psychology: An Experimental Study,” Psy- 
chol. Monogr., Vol. 65 (1951), No. 4. 

4B. Raven, “Leadership and Social In- 
fluence,” Adult Leadership, March, 1959. 
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covers that in one isolated class he does 
not have to prepare for a final exam, 
then he translates his energy to the other 
classes where the competitive require- 
ments remain. (Leslie Greenhill at Pur- 
due University has called this “The Law 
of Compensatory Effort”) This suggests 
that if a non-competitive system is in- 
augurated, it must be on a school-wide 
basis. 

A more carefully controlled experiment 
than Asch’s was recently conducted by 
Haigh and Schmidt,’ who found that 
there was no significant difference in 
knowledge of subject matter at the end 
of the term between a group which was 
not required to learn by the examination- 
grade system and the normal control 
group. 

Deutsch ®° made an interesting study 
of the effects of cooperation and competi- 
tion upon the group process. He divided 
his students into five-man groups, some 
of which were encouraged to work co- 
operatively by being told that they 
would all receive the same grades based 
on the total group product, while other 
groups were encouraged to work com- 
petitively by being told that each mem- 
ber of the group would receive a grade 
commensurate with his individual con- 
tribution to the group product. The 
groups were given puzzle-solving and 
discussion-type problems. The cooperat- 
ing group showed greater coordination 
of efforts, greater diversity in the amount 
ot contributions per member, more sub- 
division of activity, greater achievement 
pressure, more attentiveness to fellow 
members, greater comprehension of in- 
ter-persons communication, orderliness, 
quality of product, friendliness and favor- 
able evaluation of the group product 
than the group which did not work co- 
operatively. In this experiment it ap- 
pears that the competition for mutually 
exclusive goals restricted communication 


°G. V. Haigh, and W. Schmidt, “The 
Learning of Subject Matter in Teacher-cen- 
J. Zduc. 
Psychol., Vol. 47 (1956), pp. 295-301. 

°M. Deutsch, “An Experimental Study of 
the Effects of Cooperation and Competition 
Upon Group Process,” Hum. Relat., Vol. 2 
(1949), pp. 199, 231. 
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of ideas, coordination of efforts, friend- 
liness and group harmony. Deutsch also 
indicated that competition could also 
produce greater personal insecurity with 
expectations of hostility from others. He 
strongly criticizes competitive grading 
systems and raises the question whether 
such competitive grading systems pro- 
duce the kinds of inter-relationships 
among students, the task directedness, 
and the personal security that are in 
keeping with sound educational objec- 
tives. However, here again there was no 
significant difference between the groups 
in the amount of individual learning. 
Henry Clay Smith’s experiment on 
teamwork in college classes is also worth 
careful consideration.*? Smith placed stu- 
dents of matched initial achievement in 
a team-work class and in a traditionally- 
taught control class. A rather unique 
grading system was used on the team 
class in an attempt to encourage group 
cohesion. This class was informed that 
in addition to the usual individual grad- 
ing system, each member of the team 
which did the best work would get a 
bonus of five points on his grade, and 
that each team would also have ten grade 
points to distribute amongst the members 
as they saw fit. However the students 
in the team class were very unhappy 
with the group incentive grading system 
and Smith suggests that the reason for 
this was that the students felt unjustly 
individually penalized when their group 
did not do well in the inter-group com- 
petition. But let us examine what was 
happening, because this experiment illus- 
trates one pitfall in equating group work 
(or team work) with cooperation. While 
Smith called one class a team-work group 
and tried to encourage group cohesion, 
he retained the traditional individual 
competitive grading system for each 
member in the group and in fact added 
an additional group competitive goal by 
the five-point bonus incentive. No won- 
der the students were unhappy. They 
were also probably confused. On the 
one hand they were being told that they 
were a cooperating team and on the 


7H. C. Smith, “Teamwork in College 
Class,” J. Educ. Psychol., Vol. 46 (1955). 
pp. 274-286. 
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other hand they probably sensed that 
they were being rewarded for successful 
intra- and inter-group competition. Here 
again the overall achievement gains of 
the team class was not significantly bet- 
ter than the lecture class. 


Smith’s experiment highlights the pos-. 


sible confusion between group work 
and cooperation. While group-centered 
classes mav be one way of increasing 
student cooperation, it is not by itself a 
guarantee of such cooperation. Perhaps 
the emphasis does not even have to be 
on cooperation. A large amount of indi- 
vidual-centered effort should be retained 
and encouraged. ‘Task-directed anxiety 
need not be removed. What should be 
removed is the anxiety and unmeaning- 
ful effort expended in competitive activ- 
ities which contribute nothing to the task 
achievement—which do not add to the 
student’s significant learning. 

Competition can arise from many 
sources, some of them not immediately 
evident. For example, the size of a class 
may affect the competitive attitude of 
the students. Carter, Haythorn, Meiro- 
witz and Lansetta ® indicate that in or- 
der that each individual have sufficient 
opportunity for self-expression and dis- 
play of his abilities the group size should 
not exceed four members, If the group 
is larger than four members, only the 
more forceful individuals are able to ex- 
press their abilities or ideas, and there 
is constant competition for the opportu- 
nity of self-expression. 

However, this may not be the whole 
story. Opportunity for self-expression 
may depend on factors as important as 
or even more important than group size. 
Group structure may be one of these fac- 
tors. The point to note here is that the 
social climate of the class, upon which 
the extent of participation or isolation is 
dependent, is not entirely due to the sum- 
mation of the member personalities. It 
can be established in part, a priori, by 


careful planning om the part of the fac- © 


ulty. This was amply demonstrated by 


8. Carter, W. Haythorn, B. Meirowitz, 
and J. Lansetta, “The Relation of Cate- 
gorizations and Ratings in the Observation 
of Group Behavior,” Hum. Relat., Vol. 4 
(1951), pp. 239-254. 
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Robbins ® when she succeeded in estab. 
lishing in different college classes “demo. 
cratic,” “laissez-faire,” and “autocratic” 
atmospheres. And it should be just as 
possible for thoughtful faculty members 
to establish a non-threatening, non-com- 
petitive classroom atmosphere. 

Of course, if an instructor should at. 
tempt to structure his class in such a 
fashion as to reduce the undesirable per- 
sonal and inter-personal anxieties, he 
should be certain to inform the students 
of his reasons for so structuring the class, 
This is particularly true since the struc- 
ture may be different from that to which 
the students are accustomed and it may 
be difficult at first for the students to ac- 
cept a new orientation toward their class 
work. Students have developed such an 
elaborate system of anxiety defenses that 
they are initially suspicious of a situation 
where these defenses may not be useful. 

The success in setting an appropriate 
classroom atmosphere depends ultimately 
on the individual teacher. Now the 
teacher’s attitudes are the products of his 
own experiences and sometimes. these 
have been of a competitive or author- 
itarian nature, and so he is likely to per- 
petuate the authoritarian relationship, 
which tends to threaten rather than en- 
courage genuine pupil growth. Such a 
teacher will enter the classroom each day 
with a preconceived idea of what is 
“good” for the students to do or to know. 
This, of course, is a personal judgment 
on the part of the teacher, and may not 
be related to the student’s needs. There 
is the danger that such a teacher will fail 
to distinguish between his own personal 
needs (as an individual) and the needs 
of the students in the learning situation. 
Perhaps Comenius had this in mind as 
long ago as 1630 when he said: “Let the 
main object of this, or didactic, be as fol- 
lows: To seek and find a method of in- 
struction by which teachers may teach 
less but learners may learn more.” 

There is no need for all our teachers 
to become like David Reisman’s “other- 
directed man.” Rather, the teacher 
should seek non-coercive and non-threat- 


9F. G. Robbins, “The Impact of Social 
Climate upon a College Class,” Sch. Rev. 
Vol. 60 (1952), pp. 275-284. 
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ening methods of instruction. Raven sug- 
gests that informational inflence can re- 
sult from the content of the communica- 
tion from the leader to the member. 


“The teacher strives for informational in- 
fluence by presenting material in a factual 
and organized fashion. If the teacher is 
successful, the change in behavior or opin- 
ion which results will be independent of 
the teacher. 

The student will not answer in a specific 
way to get a good grade and reject this 
knowledge when surveillance by the teacher 
is no longer possible. Nor will his altered 
behavior depend upon his accepting the 
legitimate right of the teacher to influence 
him, or his acceptance of the expertness of 
the teacher, or his admiration for the 
teacher. 

This does not deny that an instructor must 
necessarily rely on his expertness at times— 
as a chemistry professor may prescribe a 
particular laboratory procedure before the 
students are able to comprehend fully the 
basis of the procedure. However, it does 
suggest that in education, the instructor must 
be aware of the importance of information 
power while avoiding other types of influ- 
ence wherever possible, if he wishes his in- 
struction to have lasting effect.” 


Suppose we do succeed in establishing 
a non-threatening class-room atmosphere, 
where the students work together and not 
against each other—what about grades? 
How do we detect poor students or weak 
areas? How do we encourage good stu- 
dents? 

First if the school entrance testing pro- 
cedure is a reliable one, we shouldn't 
have to do subsequent weeding. Accept 
the fact that students will not do equally 
well in all areas. Try to establish objec- 
tive learning goals: Curriculum evalua- 
tion studies, (such as the one currently 
being conducted in the Department of 
Engineering, University of California, 
Los Angeles) should help accomplish 
this. When a student meets these ob- 
jective standards he passes. Under such 
a system some students will go faster 
than others. 

To paraphrase B. F. Skinner }°: “Stu- 

10B, F. Skinner, “Teaching Machines,” 


Science, Vol. 128, No. 3330 (1958), pp. 
969-977. 
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dents may continue to be grouped in 
‘grades’ or ‘classes,’ but it will be possible 
for each to proceed at his own level, ad- 
vancing as rapidly as he can. The other 
kind of ‘grade’ will also change its mean- 
ing. In traditional practice, a “C” means 
that a student has a smattering of a 
whole course. But if [objective learning 
goals are established] a grade will be 
useful only in showing how far a student 
has gone. “C” might mean that he is 
halfway through a course. Given enough 
time, he will be able to get an “A”; and 
since “A” is no longer a motivating de- 
vice, this is fair enough. The quick stu- 
dent will meanwhile have picked up 
“A’s” in other subjects.” 

Secondly, in view of the great differ- 
ence in grading techniques used by dif- 
ferent teachers, it is questionable what 
the real significance of such grades are, 
other than as competitive stimuli. Some 
universities have tried eliminating grades. 
One university, however, made the mis- 
take of merely not giving grades to the 
students, but did continue to keep them 
for confidential “office” uses. The stu- 
dents, instead of welcoming the absence 
of grades, worried more about what the 
secret records showed. They also missed 
the periodic feedback on how well or 
poorly they were doing. The solution, 
as suggested above, seems to be to de- 
emphasize grading on a curve and use 
instead an objective measuring scale. 

Reducing the competitive anxieties, 
which constitute so much of the individ- 
ual roles shown in Figure 1, is no guaran- 
tee that released energies will be used 
directly for task accomplishment. There 
is considerable experimental evidence 
which indicates that much of this energy 
goes into socializing. However, this is 
in itself a significant point. The energy 
may not be going into learning more bits 
of engineering knowledge, but it is going 
into a type of learning activity that is 
perhaps just as important for the profes- 
sional growth of an engineer, and that is, 
the engineer’s ability to take his proper 
place as an active participant in com- 
munity life. 


4 


How Much 


A Survey of Graduate Engineers In the State of Wisconsin 


MICHAEL N. BESEL 


Assistant Professor, Engineering Drawing and 
Descriptive Geometry, University of Wisconsin-Milwaukee 


During the past few years engineering 
drawing has held a controversial position 
in the engineering curriculum. There 
has been a general trend in the reduction 
of time alloted to the study of engineer- 
ing drawing and descriptive geometry. 
Previous studies! have been criticized 
on the basis that the sampling was taken 
primarily from draftsmen or other per- 
sonnel not directly connected with engi- 
neering. As a result, these studies have 
been of limited use when changes in the 
engineering curriculum affecting engineer- 
ing drawing were under consideration. 

Here, at the University of Wisconsin, 
the amount of time devoted to the study 
of engineering drawing and descriptive 
geometry has also been reduced. Re- 
cently, further reductions have been con- 
templated. The problem became acute 
when the electrical engineering curric- 
ulum was revised to drop drawing from 
the required list and put on an elective 
basis for those students who had no pre- 
vious (high school or industrial) experi- 
ence in engineering drawing. Descrip- 
tive geometry was omitted entirely. 
These changes demanded an evaluation 
of the present drawing courses. 


Purpose 


The process of evaluation is aided by 
knowing what a graduate engineer thinks 
of a course after he has had the op- 
portunity to judge its value in light of 
his own industrial experience. The basis 


1R. S. Paffenbarger, Chairman, “Indus- 
trial Relations Committee Report,” Journal 
of Engineering Drawing, Vol. 21, No. 2 
(May, 1957), pp. 12-17. O. W. Potter, 
“Is Drawing Important to the Practicing 
Engineer?,” Journal of Engineering Draw- 
ing, Vol. 18, No. 3 (November, 1954), p. 29. 
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of this study then, is the collection and 
comparison of such opinions of graduate 
engineers with respect to engineering 
drawing. 


The Questionnaire 


To obtain the maximum number of 
opinions, a questionnaire was used. 

A preliminary questionnaire was for- 
mulated and distributed to the boards of 
directors of the following engineering 
societies, Milwaukee chapters, for criti- 
cisms and comments: American Institute 
of Electrical Engineers, American Society 
of Civil Engineers, American Society of 
Heating and Air Conditioning Engineers, 
American Society of Mechanical Engi- 
neers, American Society of Metals, Insti- 
tute of Radio Engineers, Milwaukee 
Chemical Engineers Club, Society of 
Automotive Engineers, Wisconsin Society 
of Professional Engineers. 

This led to the final format of the 
questionnaire, and at the same time es- 
tablished the cooperation of these so- 
cieties in making the questionnaire avail- 
able to their membership. 

At first, arrangements were made to 
present the questionnaire at the monthly 
meetings of the various societies, but this 
procedure proved to be unsatisfactory. 
Irregular attendance and the large num- 
ber of meetings that would have to be 
attended made this procedure unwieldy. 

The direct mailing methol was chosen 
as the primary method of distributing 
the questionnaire. The societies were 
very helpful in making their mailing lists 
available and one, The Society of Auto- 
motive Engineers, paid the costs of 
mailing. 

Table 1 shows the number of copies 
sent to the engineering society members 
by the methods indicated. The use of 
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the mailing lists had the advantage of 
covering the entire State of Wisconsin 
and surrounding areas, but naturally con- 
centrated in the industrial sections. 
Total returns numbered 1,067 for a 
percentage of 30.6, but 62 of these had 
to be eliminated because the individuals 
did not have a degree. Therefore, the 
total number of usable returns was 1,005 
or 29% of the questionnaires distributed. 


Grouping of Data 


The returns were grouped according 
to the branch of engineering represented 
by the degree. These groups were (1) 
mechanical, (2) electrical, (3) civil, (4) 
chemical, (5) metallurgical and (6) 
“other.” The “other” group included in- 
dustrial, agricultural and aeronautical 
engineers. 

Each group was subsequently divided 
according to the year of graduation. For 
this purpose, three groups were estab- 
lished. Group A included all engineers 
who were graduated prior to 1943, Group 
B, those who were graduated during the 
years 1943-1953 inclusive, and Group C 
consisted of those engineers who were 
graduated from 1954 to 1959. 

These particular year groups were 


TABLE 1 


Personal 


Organization Contact Mailing 


American Institute of Electrical 


Engineers 1,000 


American Society of Civil Engi- 
neers 560 


American Society of Heating & 
Air Conditioning Engineers 70 


American Society of Mechanical 
Engineers 45 


American Society for Metals 150 
Institute of Radio Engineers 30 


Milwaukee Chemical Engineers 
Club 30 


Society of Automotive Engi- 
neers 1,000 


Wisconsin Society of Profes- 
sional Engineers 600 


Total 175 
Total Copies Distributed 


TABLE II 


NUMBER AND PERCENTAGE OF RETURNS BY 
BRANCHES OF ENGINEERING AND 
YEAR GROUPS 


Group | Group | Group | Tot: ‘ 
otal 


Mech. | 125 | 126 | 41 | 292] 29.0 


Elec. 120 | 159 68 347 | 34.5 

Civil 72 88 59 219 | 21.8 

Chem. 26 12 3 41 4.1 

Met. 33 23 29 85 8.5 

Other 8 9 4 21 7-1 

Total 384 | 417 | 204 | 1,005 | 100.0 
% 38.2 | 41.6 | 20.2 | 100.0 


chosen because a previous study? in- 
dicated that it took the average engineer 
one to five years, after graduation, to 
settle in a particular field of engineering; 
that it took an additional one to ten years 
for him to establish himself in this field 
and only after that did he become a 
leader or executive. 

Table II indicates that the distribution 
of returns from three major branches of 
engineering is fairly even. The largest 
group of returns is from electrical engi- 
neers. This is in keeping with the 
purpose of the study since electrical en- 
gineers have been very active in curric- 
ulum changes. The distribution of re- 
turns by year groups is even more ap- 
plicable in that the majority are in Group 
B who are likely to be in a better posi- 
tion to evaluate their education. 

The data were further sub-divided ac- 
cording to the advanced degrees held. 
Table III gives a breakdown of the de- 
gree distribution. 

Note that the only significant differ- 
ence in Table III occurs in Group C, in 
the relation between B.S. and M.A. de- 
grees, and the other groups. It should 
also be noted that the percentage of ad- 
vanced degrees held correlates closely 
with the Purdue study. 


2G. A. Hawkins, E. C. Thoma, and W. 
K. Lebold, “A Study of the Purdue Univer- 
sity Engineering Graduate,” JouRNAL OF EN- 
GINEERING EpucaTion, Vol. 49, No. 10, 
(June, 1959), pp. 930-947. 
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Taste III 
DistRiBUTION OF DEGREES HELD 
ME | EE CIE Chem. Met. Other Total % 
Group A| BS. | 118 | 107 | 60 24 14 8 | 331 86.2 
M.A. 7 13 9 2 a7 0 48 12.5 
Ph.D. 0 0 3 0 2 5 1.3 
Group B | B.S. 104 | 140 70 10 19 6 349 83.7 
M.A. 22 15 16 1 4 3 ol 1 
Ph.D. 0 4 74 1 0 0 7 17 
Group C | B.S. 35 59 oz 2 8 Z 158 Fis 
M.A. 6 7 7 1 20 1 42 20.6 
Ph.D. 0 2 0 1 1 + 1.9 
| No. % 
Total B.S. 838 83.5 
Total M.A. 151 15.0 
Total Ph.D. 16 £5 
Grand Total 1,005 100.0 


The Data 
Number of Semesters of Drawing Taken: 


A compilation of responses indicating 
the semesters of engineering drawing and 
descriptive geometry taken as an under- 
graduate shows that 422 or 42.0% of the 
respondents had taken two semesters of 
engineering drawing and one semester 
of descriptive geometry; 187 or 18.5% 
took one semester of each, and the others 
had varying combinations as shown in 
Table IV. 

TABLE IV 
SUMMARY OF NUMBER OF SEMESTERS OF ENGI- 


NEERING DRAWING AND DESCRIPTIVE 
GEOMETRY TAKEN BY 


RESPONDENTS 
Semesters Semesters of Descriptive 
of Geometry Taken 
Engineering 
Drawing 
Taken 0 More} Total} % 
0 0 5 Ss 0 10 1.0 
1 21 187 4 0 212 21.6 
2 86 422 70 0 578 58.6 
3 10 75 16 0 101 10.2 
More 12 27 36 10 85 8.6 
Total 129 | ‘716 } 131 10 986 | 100.0 
% 13.1 72.6 | 13.3 1.0 | 100.0 


Semesters Engineering Drawing Recom- 


mended: 


The responses to the question, “In the 
light of your experience, what would you 
consider to be the minimum amount of 
engineering drawing that a graduating 
engineer, entering your field, should 
have?” show that the majority of all en- 
gineers recommend that the undergrad- 
uate take two semesters of engineering 
drawing. In the case of the chemical, 
metallurgical and “other” engineers, how- 
ever, the difference in percentages and 
the number of cases upon which the per- 
centages are based makes the apparent 
difference between a one and a two 
semester recommendation insignificant. 
In the case of electrical engineers, the 
difference in total percentages for one 
and two semester responses is insignif- 
icant except that the difference for the 
1954-1959 group is significantly in favor 
of a one semester course. 

The response to question 4 was in- 
terpreted, therefore, as indicating that 
the mechanical and civil engineers should 


have two semesters of engineering draw- | 


ing and that the other fields should have 
one. 
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Semesters of Descriptive Geometry Rec- 
ommended: 


The response to question 5, “In the 
light of your experience, what would you 
consider to be the minimum amount of 
descriptive geometry that a graduating 
engineer, entering your field, should 
have?” indicates one semester is recom- 
mended for all engineers. In this case 
the differences between year groups were 
not significant. The number of cases in- 
volved in the chemical and “other” 
groups makes the percentage differences 
insignificant for these groups. 


Recommendations for One Semester 


Course: 


Question 6 asked, “In the light of your 
experience, what is your reaction to a 
one semester combined course covering 
the essentials of orthographic drawing, 
sketching and descriptive geometry?” 
Those who indicated opposition to such 
a course outnumbered those in favor by 
almost a 2 to 1 ratio. 


Course Content: 


The course content of engineering 
drawing and descriptive geometry courses 
has often been questioned by individuals 
directly or indirectly concerned. The 
graduate engineers were asked their opin- 
ions concerning the various subject mat- 
ter areas that are or could be covered in 
the curricula of different schools. The 
responses fall into three general cate- 
gories: (1) should be included (2) 
neutral and (3) should be excluded. 
The respondents were given a choice of 
degree within these categories. The re- 
sults of this phase of the questionnaire 
indicate that such controversial items as 
inking techniques, screw threads and 
spring representations should be elim- 
inated from the engineering drawing 
courses. All other areas listed were con- 
sidered to be a necessary part of the 
course or an area that should be included 
in either the engineering drawing or 
descriptive geometry courses. Many of 
the respondents, however, noted in their 
remarks that such areas as graphical in- 
tegration and graphical differentiation 
could be covered more properly in other 
courses. 


Graduates: 


In reply to the question, “In your 
opinion, do the recent engineering gradu- 
ates that you have had an opportunity to 
observe or work with, have a sufficient 
background in engineering graphics?,” 
the respondents indicated that 35.9% of 
them were of the opinion that graduates 
had sufficient background to meet de- 
mands made; 15.2% felt that training 
was sufficient but lacking in certain 
areas, and 19.1% were of the opinion 
that graduates met the minimum re- 
quirements. 


Conclusions 


1. The majority of graduate mechan- 
ical (55.5%) and civil (48%) engineers 
are of the opinion that new graduates 
should have had two semesters of engi- 
neering drawing. 

2. The majority of all engineering 
graduates is of the opinion that one 
semester of descriptive geometry should 
be a requirement for a graduating engi- 
neer. 

3. The graduate electrical engineers 
are almost equally divided in their opin- 
ions concerning the question of whether 
one (39.5%) or two (43.5%) semesters 
of engineering drawing should be the 
minimum requirement for young engi- 
neers. The same holds true for metal- 
lurgical engineers, who divided 41.2% 
for one semester and 43.3°% for a two 
semester requirement. 

4. Inking techniques, screw threads 
and spring representations should, in the 
opinion of graduate engineers, be dropped 
from the engineering drawing curriculum. 

5. Recent graduates, in the opinion of 
the respondents, are receiving a sufficient 
background in engineering graphics to 
meet the minimum demands made _ of 
them. 


Remarks 


1. This study reflects the opinions of 
only graduate engineers actively engaged 
in engineering work. 

2. There were numerous remarks in- 
dicating that this type of study might 
well be conducted for other engineering 
courses within the curriculum. 

3. The results of this type of study is 


| 
86.2 
12.5 
83.7 
| 17 
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only one phase of a course evaluation 
and should not necessarily be the deter- 
mining criteria. 

4. Only 3.2% of the graduates were 
of the opinion that recent graduates had 
“more than enough” background in engi- 
neering graphics. 

5. The returns were from graduates of 
103 different colleges and universities; 
the greatest number of :eturns coming 
from wx of University of Wis- 
consin (35%), 
(18.4¢ of Illinois (4.5%), 
Purdue University (4.1%) and Iowa 
State, Illinois Institute of Technology, 
University of Michigan and the Univer- 
sity of Minnesota. 
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Candid Comments 


This section is open to comments on articles in the JourNAL or on 


engineering education in general. 


Send comments to the Editor, Journat 


or ENGINEERING EpvucaTion, University of Illinois, Urbana, Illinois. 


Deflection of Beams 


In reply to Professor Spencer (April, 
1961), I would note the following: It 
is true that at the time the original paper 
was written I was unaware of Maculay’s 
note in Messenger of Mathematics. Fur- 
ther investigation shows that even this 
work was anticipated for essentially the 
same results are found in the once well- 
known book Theorie der Elasticitat fester 
Korper, published in 1862 by the Ger- 
man mathematician A. Clebsch. Men- 
tion should also be made of another pa- 
per which was unknown to me when 
Deflection of Beams” was being pre- 
pared, namely, “Application of Maclaurin 
Series to the Analysis of Beams in Bend- 
ing,” J. Franklin Institute, Vol. 254, No. 


5, 1952, by M. Hetenyi. In this paper, 
Professor Hetenyi shows all the details 


of calculations for continuous and discon- | 


tinuous load functions. Had I been 
aware of this paper I should never have 
written in the first place, for it contains 
everything necessary to the solution of 
beam problems. 
write, because regardless of the origins 
of the method it is clearly the best way 
to solve beam problems and deserves a 
great deal more publicity and a wider 
acceptance. 


F. W. NreEDENFUHR 

Associate Professor of Engineering 
Mechanics 

The Ohio State University 

Columbus 10, Ohio 
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An Evaluation of the Overhead Projector 
in Teaching Kinematics 


RICHARD P. COVERT 


Instructor, Mechanical Engineering, State University of Iowa 


The overhead projector has been used 
as a teaching aid for several years, in 


elementary education !:? and in engineer-_ 


ing drawing. No use of an overhead 
projector in kinematics has been re- 
ported, nor has there been a statistical 
evaluation of its effectiveness in engi- 
neering education. 

In the spring of 1959, the author 
taught two sections of kinematics. In 
one section, the lectures were written to 
include blackboard sketches and demon- 
strations; in the other section the lectures 
were written to include transparent over- 
lays prepared for the overhead projector. 
Each transparent overlay presentation 
consisted of a step by step development 
of the lecture with one step on each of 
the transparent sheets. As the lecture 
progressed, the overlays were exposed to 
convey the pertinent information visually 
to the student. 

The examination scores for two of the 
three units covered during the semester 
were compared by an analysis of covari- 
ance with the student’s previous Engi- 


the related variable. The results are as 
follows for a significance level of 5%: 


Unit 1: Solutions of velocities on four- 
bar-linkages: no statistically signif- 
icant difference between sections. 

Unit 2: Solutions of accelerations on 
four-bar-linkages, including Coriolis 
Law: the scores for the section 
using the overhead projector were 
statistically significantly better. 

Final examination over Units 1 and 
2: The scores for the section using 
the overhead projector were statis- 
tically significantly better. 


On the basis of these statistical tests, 
it is inferred that kinematics can be 


' taught more satisfactorily by means of 
' an overhead projector and prepared 


transparent overlays than by means of 
lectures based on blackboard presenta- 
tions of the same material. 


Statistical Development 


The students in the two sections of 
kinematics taught during the spring se- 
mester, 1959, were considered to be 
random samples from a population of 
all students who have taken and will 
take this course. No systematic factors 
are known to bias this assumption. The 
students are also considered to be ran- 
dom samples from the two resulting 
treatment populations. One population 
consists of all students who were and 
will be taught kinematics by the author 
using lectures based on blackboard dem- 
onstrations; the other population consists 
of a similar group taught by the author 
using the overhead projector with pre- 
pared transparent overlays. The statis- 
tical results apply to these treatment 
populations. 

The resulted variable used as the co- 
variate in the analysis of covariance was 
the student’s Engineering College aver- 
age grade-point based on a minimum of 
15 semester hours. The means and vari- 
ances of the grade-point averages are: 


Overhead 
Blackboard 
Projector Totals 
Section Section 
Means 2.34 2.46 2.40 
Variance 0.17 0.32 0.24 


The higher mean and greater variance 
in the blackboard section reflects a small 
group of extremely high grade-point stu- 
dents in that section. The students were 
all in their sophomore, junior, and senior 
years in the Mechanical and Electrical 
curricula. For the first examination, 


there were 29 men in the section taught 
Jrl. Eng. Ed., V. 51, No. 10, June 1961 
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by blackboard lectures and 33 men in 
the section taught by use of the overhead 
projector. Attrition reduced these num- 
bers to 28 and 31 respectively for the 
examination on the second unit and the 
final examination. 

The hypothesis tested was: Among 
sophomore, junior, and senior students 
in the Mechanical and Electrical Engi- 
neering curricula at the State University 
of Iowa, the material covered in Kine- 


JOURNAL OF ENGINEERING EDUCATION 


Vol. 5I—No. 10 


matics, Units 1 and 2, can be taught 
as effectively by a lecture based on trans. 
parent overlays for an overhead projec. 
tor as by a lecture based on the presenta. 
tion of the same material with black. 
board demonstrations. 

A significance level of 5%, which js 
common for this type of analysis, was 
selected as providing an acceptable risk 
of Type I and Type II errors. 

The statistical summaries are: 


Unit 1. SoLutions OF VELOCITIES ON Four-BAR LINKAGES 
| : = Squares and Products Errors of Estimate 
Source 
| Sx? | Sy? Sxy > Squares df ms 
Total subjects | 61 940.00 14.59 41.98 122 60 
Between sections 11 44.00 0.26 3.45 0.04 1 0.04 
Within sections | 60 895.13 14.33 38.53 12.68 59 0.215 


MSbetween/MSwithin = 0.186 = 4.00 not significant 


Unit 2. SoLuTIONS OF ACCELERATIONS ON FouR-BAR LINKAGES 
Squares and Products Errors of Estimate 
Sx? | Sy? | Sxy 2D Squares df ms 
Total subjects 58 549.22 14.22 40.75 14.15 57 
Between sections 1 1.38 0.20 0.52 3.08 1 3.08 
Within sections 57 547.84 14.02 40.23 11.07 56 0.20 
| 


MSpbetween/MSwithin = 15.40 


1.55 = 4.02 significant 


FINAL EXAMINATION 


(GIVEN AT THE END OF THE SEMESTER) 


| ; = Squares and Products Errors of Estimate 
Source 
Sx? | Sy? Sxy > Squares df ms 
Total subjects | 58 820.00 14.22 28.39 14.19 57 
Between sections | 1 1.44 0.20 0.54 1.18 1 1.18 
Within sections | SY! 818.56 14.02 27.85 13.01 56 0.23 
MSbetween/MSwithin = 5.08 = 4.02 significant 


The conclusion reached is that for the 
hypothetical population from which these 
students are a random sample, higher 


The ‘examinations were also tested for 
reliability. The results are: 


Reliability Griterion scores were obtained when the 
Examinations over Velocities ° students were instructed by means of 
(Unit 1) 0.123 transparent overlays and an overhead 
Examinations over Accelerations projector than by means of blackboard 
(Unit 2) 0.899 demonstrations for the acceleration unit 
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tion. From this, it can be inferred that 
kinematics can be taught more effectively 
with the overhead projector. 

The lack of a statistically significant 
difference between the scores for the first 
unit is attributed to the ability of the 
students to visualize and extrapolate the 
effects of the known velocities to other 
points on the bodies. Because of this, 
the method of presentation for velocities 
was not critical. On the other hand, ac- 
celerations cannot be visualized as easily, 
and the more effective method of presen- 
tation resulted in a higher set of criteria 
scores. 

The author suggests that other courses 
might also be taught more effectively by 
using the overhead projector and _ pre- 
pared transparent overlays. 


Teaching and Examination Procedure 


The kinematics comse is taught three 
times a week with each class consisting 
of approximately one-half hour lecture 
and over one hour of guided problem 
solving. This schedule was followed 
with both sections of the course. The 
primary difference was in the use of the 
overhead projector during the lecture 
portion. 

The lecture for the overhead projector 
section was designed to utilize the trans- 
parent overlays to provide a framework 
for the lecture and show the progress of 
the lecture by exposure of successive 
overlays. Since kinematics is essentially 
the graphical solution of motion prob- 
lems, the presentation involves trigonom- 
etry and graphical constructions. For 
any one lecture, the mathematical and 
graphical procedures were divided into 
four to eight major steps. Each step was 
placed on a separate sheet of acetate. 
As that step was reached in the lecture, 
the sheet was dropped onto the previous 
sheets and the lectures continued. By 


_ using two or more colors in the prepara- 


tion of the transparencies, the new step 
can be easily located by the students. 
A grease pencil can be used to write 
marginal comments and'to underline spe- 
cific points that are particularly impor- 
tant. When the lecture is finished, the 
completed solution is before the student. 

Questions raised during the lecture 
were answered immediately. The lec- 
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ture was then restarted from the point 
at which the difficulty occurred. Be- 
cause the transparent overlays can be 
removed, the solution proceeded without 
the interference of the later steps. Fol- 
lowing the lecture, the remaining ques- 
tions were answered in a similar manner. 
The students were encouraged to try to 
understand the lecture rather than to 
take notes. The transparent overlays 
were available during the problem-solv- 
ing portion of the class period for those 
who wished to copy the steps into their 
notes or to refresh their memories by 
following through the steps at their 
leisure. 

The transparent overlays were used to 
reduce the tutorial help necessary for 
students who continue to have difficulties 
and those students who miss a given lec- 
ture. The transparent overlays were 
also used as a basis for review periods 
since the basic material for the unit is 
in a collected form. Because the con- 
structions are already prepared, the ma- 
terial can be reviewed faster and with 
more constructional accuracy than by 
working problems on the blackboard. 

The other section received lectures in 
which the theory and problems were pre- 
sented step by step on a_ blackboard. 
Questions were answered by tracing over 
existing lines, or by erasing part or all 
of the work and repeating the erased 
steps when this appeared necessary. 
Again, all questions were answered as 
they arose. 

Both sections received essentially the 
same lectures. During the problem-solv- 
ing portion of the course, a different 
teaching assistant was assigned to each 
of the sections. 

The examinations consisted of 15, 12, 
and 11 problems, respectively, for the 
Units 1, Unit 2, and Final examinations. 
Each problem consisted of taking only 
the final one or two steps to a solution. 
The problems were designed so that the 
solutions were independent. All students 
took the same examination at a common 
time. 

The tests were scored with two points 
for a correct solution and one point if 
there was a decimal or numerical error 
or a failure to indicate the sign on an- 
gular velocities and accelerations. Points 
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were not given unless a firm grasp of the 
principles involved was indicated. 


Construction of the Overhead Projector 
Transparent Overlays 


There are two methods of preparing 
transparent overlays. One is to transfer 
the information to the acetate sheets by 
means of a photographic process and the 
other is to work directly on the acetate 
sheet with a special plastic ink. 

The State University of Iowa Audio- 
Visual Department suggested that the 
individual steps be prepared on separate 
sheets of tracing paper. These were 
used with a positive contact-type photo- 
graphic technique to transfer the in- 
formation to specially sensitized acetate 
sheets. Because the tracings can be 
easily prepared in India ink, this method 
has the advantage of ease of preparation. 
The choice of colors is determined by 
the sensitizing agent on the acetate sheet. 
The photographic preparation has the 
disadvantage of relatively high cost and 
that any variation in the opaqueness of 
the tracing paper will tend to result in 
reduced contrast between the desired in- 
formation and the background. Further, 
the contrast may be reduced by exposure 
to sunlight, although artificial light has 
no effect.? If corrections or changes are 
desired, either a new sheet must be pre- 
pared, or corrections made using the 
second method. 

The second method is to use a suitable 
plastic ink and a tank pen, such as the 
LeRoy lettering guide pen with a #00 
point. As a number of colors are avail- 
able, the author used red and blue for 
contrast between steps. This method of 
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preparation has definite cost advantages 
if a lettering set is available. The con. 
trast is maximum. Additions and corres. 
tions are easily made in the same man. 
ner. Mistakes can be “erased” by wiping 
them with ink thinner. Generally, 
greater skill is required to work directly 
on the acetate sheet than to work with 
India ink on tracing paper. 

For this experiment, the image was 
projected against a standard screen. The 
author has since utilized a blackboard 
as a screen with equally good qualitative 
success. Blackboard images from the 
photographically prepared transparent 
overlays lack contrast without darkening 
the room for a class of approximately 40, 
but the directly prepared transparent 
overlays are excellent under these con- 
ditions. The projected area is usually 
reduced in the blackboard projection, 
which sometimes is a disadvantage. 
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_ Ph.D. PROGRAM AT VANDERBILT 


In September 1961, the Chemical Engineering Department at Vanderbilt Univer- 
sity will initiate a graduate program at the doctorate level. Courses offered will include 
work in the areas of mathematics, transport phenomena, thermodynamics, kinetics, 
unit operations, systems analysis and design, and process control. 
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Teaching Aids 


1 W. J. King, “Industry-College Co- 
operation in Developing Teaching 
Aids,” J. Eng. Educ., vol. 39, no. 
2, pp. 90-94, 1948. 

Reviews types of teaching aids 
and suggests bureau (say under 
ASEE) to collect and keep in- 
formation and maintain liaison be- 
tween industry and universities. 


2 M. H. Lajoy, and O. M. Larsen, 
“A New Aid in Teaching Kinemat- 
ics,” J. Eng. Educ., vol. 41, no. 9, 
pp. 542-3, 1950. 

Describes models used for help- 
ing students to analyze an actual 
mechanism into a kinematic line 
diagram. 


3 §. G. Lutz, “Exhibit of Teaching 
Aids at Seattle Meeting of ASEE,” 
J. Eng. Educ., vol. 41, pp. 406-8, 
1950. 

Lists aids exhibited. Included 
are: simple digital computer 
(Simon), quiz machine, can mo- 
tion indicator, vibration models, 
plastic linkage models. 


4 D. Rosenthal, and H. Baer, “Lab- 
oratory Demonstration Experi- 


Interim Report on Project Supported 
by Grant from National Science 
Foundation. 


ment—A Link between “Funda- 
mentals” and “Applications,” J. 
Eng. Educ., vol. 41, pp. 171-5, 
1950. 

A way of making “fundamentals” 

live is to have demonstration ex- 
periment (e.g. “strength of mate- 
rials” ideal) calculations related 
first to model experiment, then to 
test on actual machine. Pictures 
given. 
J. Scheinman, “The Cam Motion 
Indicator—A New Teaching Aid,” 
J. Eng. Educ., vol. 41, pp. 111- 
114, 1950. 

Apparatus draws follower dis- 
placement diagram. Illustrated. 
R. S. Hartenburg, “Demonstration 
Models—Their Use and Construc- 
tion,” J. Eng. Educ., vol. 40, no. 8, 
pp. 430-434, April, 1950. 

Explains philosophy and_ tech- 
nique of effective use of demon- 
stration models. Illustrates models 
to show virtual work, angular mo- 
mentum, magnus effect, and gives 
details of materials, etc. used for 
model making. Northwestern Uni- 
versity. 

M. M. Leven, “Photoelastic Stress 
Analysis Useful in Design of Metal 
Parts,” Materials and Methods, vol. 
33, no. 3, pp. 70-73, March, 1951. 

Describes application of photo- 

elasticity to two-dimensional stress 
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problems. Excellent for descrip- 
tion of inexpensive, easily-con- 
structed diffusion-type polariscope. 
“Turbine Training Aid,” Aero- 
plane, vol. 80, no. 2070, pp. 356-7, 
March 23, 1951. 

Portable system of models, cut- 
aways, demonstrations, brochures, 
etc. of Rolls-Royce turbine equip- 
ment. 


C. W. Muhlenbruch, “Judging the 
Effectiveness of Teaching Aids,” J. 
Eng. Educ., vol. 42, no. 3, Novem- 
ber, 1951. 

Discusses effectiveness of teach- 
ing aids, advantages and disad- 
vantages. Aids should be care- 
fully scrutinized for effectiveness, 
and should ask questions and stim- 
ulate student suggestions for pro- 
ducing aids. Ultimate aid men- 
tioned is a “juke-box” which asks 
student questions, grades answers, 
records results, etc. 


W. Jj. King, “Teaching Aids for 
Heat Transfer and Thermodynam- 
ics,” J. Eng. Educ., vol. 43, no. 3, 
pp. 167-170, November, 1952. 

Some suggestions for teaching 
aids. Lists of models, films, charts, 
etc. 


“Using Models in Design,” Prod- 
uct Engineering, vol. 24, no. 9, p. 
177, September, 1953. 

Uses of models described and 
illustrated, showing: stress analysis, 
wind tunnel, flume, breadboards, 
appearance models, demonstrator 
models, clear plastic models, etc. 


J. A. Hrones, “Role of Measure- 
ments and Instrumentation in En- 
gineering Education,” ASME Pa- 
per, no. 54 IRD-8 for meeting 
September 13-24, 1954. 
Importance of engineering quan- 
tities and measurements. Instru- 
mentation subjects should be inte- 
grated into existing courses rather 
than taught separately. Use of 
block diagrams and concept of 
closed loop and feedback should 
be introduced early. Suggests a 
travelling instrumentation exhibit 
be prepared by ISA and sent 
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around to various 
schools, 
ASEE: “Educational Aids in Engi. 
neering,” Brochure, March, 1955, 
Prepared by a committee of 
ASEE, covers aids in civil, elec. 
trical, and mechanical engineering 
mechanics, mathematics. Embraces 
films, filmstrips, diagrams, demon. 
stration/laboratory equipment. Ih 
mechanical engineering, some in- 
teresting items are: Stodola’s noz 
zle apparatus with exploring tube, 
epicyclic gear trains, fluid mechan. 
ics—films on smoke diffusion, wind 
curtains, turbulence, cavitation, 
flow phenomena (Prandtl) by 
draulic demonstrator—closed con- 
duit and open channel, magny 
effect demonstrator. Introduction 
gives (among other things) useful 
criteria for judging and analyzing 
value of educational aids, and 
makes a plea for more attention to 
development of aids. 
Roland W. Pinger, “Some Findings 
about Visual Aids in Engineering 
Education,” J. Eng. Educ., vol. 45, 
no. 8, pp. 652-3, April, 1955. 
The author discusses the prob- 
lems in using slides as visual aids 
He claims that the aid is seldom 
worth showing unless home copy 
is furnished. 
G. A. Taylor, “Importance of Visual 


engineering 


Aids in Teaching of Advanced} 


Radio and Electronic Engineering, 
Inst. Radio Engrs. Journal, vol. 16, 


no. 10, pp. 544-6, October, 1956.) 


Mentions charts, slides, _ films, 
demonstrations, j 
TV, etc. Gives list of films and 
film strips on radio in Great Britain. 
G. Pask, “Automatic Teaching 
Techniques,” Brit. Communication 
and Electronics, vol. 4, no. 4, pp 
210-11, April, 1957. 

Description of machine and ap 

System Research Ltd 


Ltd. 


E. Ferrari, “Plastics in New Prod} 
uct Design,” Plastics Technolog.) 
vol. 3, no. 5, pp. 376-80, 382 


May, 1957. 
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21 


22 


Methods and materials in model 
making and casting operations with 
plastics. 


M. M. Leven, and A. M. Wahl, 
“Three-Dimensional Photoelasticity 
and Its Application in Machine De- 
sign,” ASME Transactions, vol. 80, 
no. 8, pp. 1683-1691, 1958. 
Describes simple test equipment 
(diffusion polariscope), model ma- 
terials and techniques for three- 
dimensional photoelastic tests. 


W. F. Seibert, “A Brief Report and 
Evaluation of Closed-Circuit Tele- 
vision Instruction in Mechanical 
Engineering,” J. Eng. Educ., vol. 
48, no. 7, pp. 538-44, March, 
1958. 

Some conclusions: Student 
achievement was the same. Stu- 
dent response was good but disad- 
vantages were evident—interest, in- 
ability to discuss questions, etc. 


Simon Ramo, “A New Technique 
of Education,” IRE Transactions 
on Education, vol. E-1, no. 2, pp. 
37-42, June, 1958. 

Visualizes future educational in- 

stitutions in which all routine op- 
erations of teaching—dull memo- 
rizing, testing, grading, etc.—are 
done by machines, leaving only 
high level activity to teacher. 
Foresees a new profession, the 
“teaching engineer.” Points out 
that proposals are expensive. Very 
stimulating. 
P. K. Weimer, “Automatic Teach- 
ing Device,” Inst. Radio Engrs. 
Transactions on Educ., vol. E-1, 
no. 2, pp. 51-3, June, 1958. 

“Automatic” teaching device 
presents information and tests stu- 
dents in controlled feedback rela- 
tionship. The author gives a gen- 
eral proposal for such a machine 
and points out advantages as well 
as limitations. 


“Comprehensive Report on the Use 
of Instructional. Television,” Edu- 
cational Television and Radio Cen- 
ter, 1610 Washtenan St., Ann Ar- 
bor, Michigan, July, 1958. 

Price: $1.00. 
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R. C. Hill, “A Momentum Demon- 
stration,” Heat Power News and 
Views, vol. 14, no. 49, 1959. 

Portable blower on platform sus- 

pended by wires. Blower dis- 
charges through measuring orifice. 
Movement of blower measures 
momentum change. Varying size 
of orifice shows some propulsion 
University of Maine, 
Orono, Maine. 
B. F. Skinner, “Teaching Ma- 
chines,” IRE Transactions on Edu- 
cation, vol. E-2, no. 1, pp. 14-22, 
March, 1959. 

Describes Pressey’s machine of 

the 1920’s and its limitations, then 
describes another machine being 
used at Harvard. Shows many 
advantages of the machine and re- 
lates them to modern psychology 
of learning. 
“Machine That Learns from Ex- 
perience,” Data Processing, vol. 1, 
no. 2, pp. 106-12, April/June, 
1959. 

Description of the Solartron 
teaching machine which continu- 
ously adapts the teaching process 
to the progress of the learner. The 
machine described is one for train- 
ing operators in punching cards. 
Made by Solartron Electronic 
Group, Thames Ditton, Surrey, 
England. 

H. W. Iversen, University of Cali- 
fornia, June, 1959. 

Visual aids on laminar flow 

briefly described. 
R. F. Mager, “Preliminary Studies in 
Automated Teaching,” IRE Trans- 
actions on Education, vol. E-2, no. 
2, pp. 104-107, June, 1959. 

Reports successful tests in using 

Skinner-type teaching machines for 
teaching subjects like algebra, 
kinetic theory, etc. to children 12- 
14. Suggests method may have 
far-reaching uses. 
Donald J. Mayhew, and Arlo F. 
Johnson, “Teaching Machines,” J. 
Eng. Educ., vol. 50, no. 1, pp. 
51-2, October, 1959. 

Short article on self teaching de- 
vice. 
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“Proceedings of 1959 Invitational 
Conference on Testing Problems,” 
Prirt¥eton Educational Testing Serv- 
ice, pp. 39-86, 1960. 

Price: $1.00. 

R. S. Hartenberg, and J. Denavit, 
“The Kinematics Laboratory at 
Northwestern University,” Machine 
Design and - Manufacturing Bul- 
letin, A publication of the Mech. 
Eng. Division of ASEE, vol. 26, no. 
3, February, 1960. 

The authors state that the initial 
purpose was to explain the basic 
concepts of the geometry of motion 
in its multiple aspects as during 
successive displacements of a 
mechanism. Gradually the utility 
of the laboratory was increased to 
include areas where visual data 
and physical impressions support 
abstractions. The result is worthy 
of close study by all teachers of 
kinematics, since it is an outstand- 
ing achievement. 

Erik Mollo-Christensen, “Apparatus 
for Lecture Demonstrations in Aero- 
dynamics,” March, 1960. 

Description of flow visualization 

device. As yet unpublished. 


A. A. Lumsdaine, and Robert 
Glaser, Teaching Machines and 
Programmed Learning: A Source 
Book, Dept. of Audio-Visual In- 
struction, National Education As- 
sociation, 1201 16th St, NW, 
Washington 6, D. C., June, 1960. 

Price: $4.50. Said to be the 
most comprehensive and authorita- 
tive reference work on automated 
instruction. It will bring together 
the basic papers by leaders in de- 
velopment of teaching machines 
and programmed exercises during 
the last four decades. 


Edward B. Fry, G. L. Bryan, and 
J. W. Rigney, “Teaching Machines: 
An Annotated Bibliography,” Sup- 
plement 1 of the AV Communica- 
tion Review, vol. 8, no. 2, (Spring, 
1960), published by the Dept. of 
Audio-Visual Instruction, National 
Education Association, 1201 16th 
St., NW, Washington 6, D. C. 
Price: $1.50. 


34 R. J. Clements, “Literature by Ele. 
tronics,” Saturday Review, July 16, 
1960. 

Discusses the development of 
an International Business Machine 
word analyzer that will contain 
especially designed logic circuit 
that will make electronic transh. 
tion of Russian literature a reason. 
able possibility for 1961. French 
and other languages will follov, 
A significant development in tech. 
nical literature. 

35 P. K. Stein, “Measurement Eng. 
neering, Science or Technology” 
Strain Gage Readings, vol. II, no, 
6, Feb.—Mar., 1960, Stein Engi. 
neering Services, Phoenix, Arizona 

Describes a course in measure. 
ments taken by engineering stv. 
dents at Arizona State University, 
Some description of lab. exper: 
ments and instruments. 


Laboratory Equipment 


1 Servomechanisms Inc.: “Exper- 

ment: Analog Computations.” 

Description of laboratory exer- 
cise on a simple analog computer 
made of various components sup- 
plied by above Company. 

2 J. C. Smallwood, Mechanical Lab- 
oratory Methods, D. Van Nostrand 
Co., New York, 1924. 

3H. Diederichs, and W. C. Andrae, 
“Experimental Mechanical Eng: 
neering,” vol. I, Engineering In- 
struments, John Wiley and Sons, 
New York, 1930. 

4 F. W. Keator, Mechanical Labow- 
tory Methods, 5th Ed., D. Va 
Nostrand Co., New York, 1947. 


5 “Measurement of Fluctuating Fluid} 


Pressures,” Aircraft Eng., vol. 21, 
no. 25, pp. 368-77, December, 
1949. 

“The fundamental requirements 
of fluctuating pressure pickups att 
discussed and various types are de 
scribed.” Pressure sensitive de 
vices used for indicating pressutt 


by electronic means: (1) resistancty 
devices, (2) electromagnetic de} 


vices, (3) electrostatic devices, (4) 
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12 


photoelectric devices. (Article de- 
scribes an example of each device). 
Theory of design of condensor pres- 
sure pickups and sources of errors 
in pressure indicators are given in 


detail. 


M. Hetenyi, Experimental Stress 
Analysis, John Wiley and Sons, 
New York, 1950. 


M. K. Taylor, “A Balsa-Dust Tech- 
nique for Air-Flow Visualization 
and Its Application to Flow 
Through Model Helicopter Rotors 
in Static Thrust,” NACA T.N. 2220, 
November, 1950. 

This article describes the tech- 
nique and equipment—with results 
for given test. 


“College of Technology, Man- 
chester,” Engineering, vol. 171, no. 
4444, pp. 361-3, March 30, 1951. 

New mech. eng. laboratories de- 
scribed. Mainly machine tool and 
metrology—wind tunnel materials 
testing. 
J. M. Drees, and W. P. Hendal, 
“Airflow Patterns in Neig’.borhood 
of Helicopter Rotors,” Aircraft 
Eng., vol. 23, no. 266, pp. 107-11, 
April, 1951. 

Description of a hot-wire smoke 
generator for visualization of flow 
around a small helicopter rotor. 


“Stephenson Building, King’s Col- 
lege, Newcastle-upon-Tyne,” En- 
gineering, vol. 172, no. 4479, pp. 
681-3, November 30, 1951. 
Description of building and en- 
gineering laboratories (illustrated). 


J. H. Potter, “Developing a Com- 
bustion Laboratory,” J. Eng. Educ., 
vol. 43, no. 2, pp. 107-114, Octo- 
ber, 1952. 

The author discusses six experi- 
ments in combustion and describes 
the apparatus. Bibliography for 
experiments. 


“Ship and Plane Testing Models,” 
Modern Plastics, vol. 30, no. 3, pp. 
125-6, 128, 130, November, 1952. 

How reinforced plastics are be- 
ing used for experimental purposes. 
Description of how the models are 
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made for the David Taylor Model 
Basin. 


R. C. Dean, “Aerodynamic Meas- 
urements,” Gas Turbine Labora- 
tory, Massachusetts Institute of 
Technology, 1953. 


R. J. Sweeney, Measurement Tech- 
niques in Mechanical Engineering, 
John Wiley and Sons, New York, 
1953. 


C. D. Christopherson, “Description 
of Ten-Inch Free-Jet Water Tun- 
nel,” Minnesota University, St. An- 
thony Falls Hydraulic Laboratory, 
Project Report, no. 35, January, 
1953, 52 pages. 


G. L. Farrar, “University Level 
Course in Process Instrumenta- 
tion,” Instruments, vol. 26, no. 3, 
pp. 406-10, March, 1953. 

The author gives a detailed ac- 
count of the contents of an auto- 
matic control course; briefly de- 
fines nomenclature used in control 
theory. Laboratory description 
with schematic diagrams of process 
setup and descriptions of experi- 
ments. 


J. W. Dailey, and K. C. Deemer, 
“Unsteady Flow Water Tunnel at 
MIT,” ASME Paper, no. 53-S-31 
for meeting April 28-30, 1953, 16 
pages. 

Description of blow-down type 
tunnel for study of phenomena un- 
der unsteady flow. 


D. E. Metzler, “Hydraulic Labora- 
tory Equipment Demonstrates Fun- 
damental Principles of Flow,” Civ. 
Eng. (NY), vol. 23, no. 5, pp. 49- 
51, May, 1953. 

Description of hydraulic labora- 
tory apparatus. 


“Aeronautical Research in Aus- 
tralia,” Engineering, vol. 175, no. 
4554, pp. 587-8, May 8, 1953. 
Description of equipment (me- 
chanical engrg., aerodynamics, 
high speed aerodynamics). 
C. W. Newberry, and R. S. Jerrett, 
“Mobile Engineering Laboratory,” 
Engineering, vol. 175, no. 4556, 
pp. 669-71, May 22, 1953. 
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Base for eng. measurements—de- 
scribes the laboratory in detail. 


L. G. Straub, “Portable Demonstra- 
tion Channel Used for Hydraulic 
Motion Pictures,” Civ. Eng. (NY), 
vol. 23, no. 7, p. 49, July, 1953. 

Brief description of portable 
demonstration channel made from 
aluminum and glass. 


“Aircraft Test-House and Research 
Labs,” Engineering, vol. 176, no. 
4556, pp. 150-1, July 31, 1953. 

New high speed tunnel—struc- 
tural tests. Description of equip- 
ment used on wind tunnel. 


N. H. Ceaglske, and D. P. Eck- 
man, “Automatic Control of a Pres- 
sure Process,” Ind. Eng. Chem., 
vol. 45, no. 9, pp. 1879-85, Sep- 
tember, 1953. 

“This paper presents an analyt- 
ical and experimental investigation 
of the dynamic characteristics of a 
simple gas pressure process involv- 
ing thermodynamics and fluid flow.” 
Two experimental methods of analy- 
sis are: (1) process transient re- 
sponse to a step change, (2) proc- 
ess frequency response to a si- 
nusoidal change. 


M. B. Moore, Principles of Experi- 
mental Stress Analysis, Prentice- 
Hall, Inc., New York, 1954. 

Lists a number of laboratory ex- 
periments. 


“Graduate School of Thermody- 
namics and Related Studies,” Engi- 
neer, vol. 177, no. 5125, pp. 566-7, 
April 16, 1954. Also in Engineer- 
ing, vol. 177, no. 4604, pp. 526-7, 
April 23, 1954. 

Birmingham University descrip- 
tion of course and laboratory equip- 
ment (gas turbine installation is 
interesting). 


J. N. MacDuff, “Vibrations Labora- 
tory,” Papér given at summer 
school, University of Illinois, Navy 
Pier, Chicago, Illinois, Machine 
Design and Manufacturing Bul- 
letin, Publication of Mech. Eng. 
Division of ASEE, June, 1954. 
Description of vibrations labora- 
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tory and equipment at Rensselae 
Polytechnic Institute. 

R. J. Jeffries, “Instrumentation 
Problems in the University,” ASME 
Paper, no. 54, IRD-9, for meeting 
September 13-24, 1954. 

What the university -can & 
about its own instrumentation prob. 
lems, and its instrumentation 
courses. 

ASEE, “Educational Aids in Eh. 
gineering,” Brochure, March, 1955, 

Prepared by a committee of 
ASEE, covers aids in civil, ele. 
trical, and mechanical engineering 
mechanics, mathematics. Embraces 
films, filmstrips, diagrams, demon. 
stration/laboratory equipment. h 
mechanical engineering, some in. 
teresting items are: Stodola’s noz 
zle apparatus with exploring tube, 
epicyclic gear trains, fluid mechan. 
ics—films on smoke diffusion, wind 
curtains, turbulence, cavitation, 
flow phenomena (Prandtl) _ by. 
draulic demonstrator—closed con 
duit and open channel, magnus 
effect demonstrator. Introduction 
gives (among other things) useful 
criteria for judging and analyzing 
value of educational aids, and 
makes a plea for more attention to 
development of aids. 
International Research and Devel 
opment Corp., Arthur R. Crawford, 
President, “Vibrations Eliminated 
without Major Disassembly,” Me 
chinery, October, 1955. 

Description of commercial vibr:- 
tion measuring device. 
Admiralty Research Laboratory, 
“Underwater Hydrodynamic Re 
search,” Engineering, vol. 180, no. 
4688, pp. 766-8, December 
1955. 

Water tunnels and rotating beam 

channel. 
C. F. Shoop, and G. L. Tuve 
Mechanical Engineering Practice, 
5th Ed., McGraw Hill Book Co, 
New York, 1956. 


W. E. Reaser, and S. L. So, 
“Thermodynamics in Engineeritf 
Science,” ASME Paper presente 
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at Cleveland, Onio, June 17-21, 
1956. 

Describes the approach and ap- 
paratus used at Princeton by the 
authors. Subject presented in fun- 
damental scientific manner, authors 
believing no other subject has such 
value as exercise in reasoning and 
simple mathematics. Laboratory 
work coordinated with lecture and 
approached similarly, not as code 
testing exercises. Description and 
photographs of steam generator, 
heat exchanger, turbo-generator, 
surface condenser, air compressor, 
and assemblies of the above. 

E. E. Ambrosius, and R. D. Fel- 
lows, Mechanical Engineering Lab- 
oratory Practice, Ronald Press, 
New York, 1957. 

J. S. Doolittle, Mechanical Engi- 
neering Laboratory, McGraw Hill 
Book Co., New York, 1957. 

R. E. Hanna, Jr., “Proceedings of 
the 19th Annual Appalachian Gas 
Measurement Short Course,” West 
Virginia University, Tech. Bulletin, 
1957. 

Descriptions of gas flow measur- 
ing apparatus and automatic con- 
trol applied to gas flow measure- 
ment. 

A. W. Judge, Engineering Preci- 
sion Measurements, 3rd Ed., Chap- 
man and Hall, New York, 1957. 
R. H. Armstrong, and C. N. Kelber, 
“Argonaut—Argonne’s Reactor for 
University Training,” Nucleonics, 
Vis., no. 3, pp. 62-75, March, 
1957. 

.Cost approximately $100,000. 
Argonaut is a thermal, heterogene- 
ous and water-cooled reactor. Ar- 
ticle gives description of the reac- 
tor and the experiments which can 
be performed. 

F. Kuba, “Das Andritzer Hydro- 
laboratorium der Astroe,” Machien- 
enbau u Waermer-virtschaft, vol. 
12, no. 5, pp. 121-5, May, 1957. 

Description of laboratory at An- 
dritz, Austria, built in 1954. 

D. C. White, and H. H. Woodson, 
“New Electromechanical Energy- 


A SELECTED BIBLIOGRAPHY 


40 


41 


42 


43 


837 


Conversion Laboratory,” Amer. 
Inst. Elec. Engrs, Transactions, 
vol. 76, no. 31, pp. 656-64, August, 
1957, (Power apparatus and sys- 
tems). 

New laboratory at MIT: atten- 
tion given to newly developed gen- 
eralized, rotaizig slectromechanical 
energy converte™ - 


C. Timms, “Work of Mechanical 
Engineering Research Laboratory,” 
Inst. Engrs. and Shipbldrs. in Scot- 
land, Transactions, vol. 101, pt. 
5, pp. 317-66, 1957-58. Also in 
Machinery, (London), vol. 93, no. 
2384. 

Metrology, heavy mechanisms, 
noise in machinery, instruments 
and auto control. 


“Hydraulic Laboratory Practice,” 
Engineering Monographs no. 18, 
obtained from Technical Informa- 
tion Branch, Commissioner’s Of- 
fice, Bureau of Reclamation, Build- 
ing 53, Denver, Colorado. 

Price: $1.00. Originally pub- 
lished 1953, revised 1958. De- 
scription of the Bureau Hydraulic 
Laboratory, giving layout, fixed 
equipment instrumentation, details 
of a number of studies. Also sec- 
tion on laws of hydraulic similitude. 


C. W. Messersmith, C. F. Warner, 
and R. A. Olsen, Mechanical Engi- 
neering Laboratory, 2nd Ed., John 
Wiley and Sons, New York, 1958. 


M. L. Meyer, “Postgraduate In- 
struction for Practising Engineers,” 
Engineer, vol. 205, no. 5329, pp. 
384-6, March 14, 1958. 

Courses for practising engrs. 
Work at Sheffield University. Mo- 
bile lab equipped with static and 
dynamic stress analysis, photog- 
raphy, vibration and noise analysis. 
Some description of lab equipment. 


Frank R. Cook, 36 S. Santa Fe 
Drive, Denver 23, Colorado, April 
4, 1958. 

Description of some laboratory 
equipment used at the Air Force 
Academy made by above Com- 


pany. 
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N. H. Ceaglske, “Coordination of 
Classroom and Laboratory Instruc- 
tion in Process Dynamics Control,” 
J. Eng. Educ., vol. 48, pp. 755-9, 
May, 1958. 

The objectives of the course on 
control are mentioned along with 
some specific laboratory experi- 
ments including: “1. Difficulties 
encountered in steady state meas- 
urements including calibration of 
instruments. 2. Dynamic meas- 
urements a. Transient response, b. 
Frequency response. 3. Experi- 
mental determination of control 
system parameters from a. steady 
state data, b. transient response 
data, c. frequency response data. 
4. Operation of a control system, 
comparing results with calculated 
responses.” Includes some idea of 
description and cost of apparatus. 


D. Rummer, “Teaching Aids for 
Laboratory Courses in Electrical 
Currents and Electronics,” Inst. 
Radio Engrs. Transactions on Edu- 
cation, vol. E-1, no. 2, pp. 46-51, 
June, 1958. 

Quick, adaptable system of chas- 

sis and banana jacks allows quick, 
easy assembly of diversity of cir- 
cuits. Details given, but no pic- 
tures. 
G. V. Edmonson, “The Fluids En- 
gineering Laboratory at the Uni- 
versity of Michigan,” ASME Paper 
no. 59-HYD-16, 1959. 

Describes the philosophy and 
planning of the above. Philosophy 
is that fluids engineering covers 
gases, liquids, solid suspensions in 
fluids, which together interest civil, 
chemical, mechanical and aero- 
nautical engineers. Placing all to- 
gether aims at cross-stimulation of 
the different fields. Maximum 
versatility in equipment and min- 
imum fixed machinery are features. 
Space flexibility is sought by such 
devices portable enclosures 
which can be set around a project, 
then removed on completion. 

R. C. Hill, “A Momentum Demon- 
stration,” Heat Power News and 
Views, vol. 14; no. 49, 1959. 
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Portable blower on platform sus. 
pended by wires. Blower dis- 
charges through measuring orifice, 
Movement of blower measures mo- 
mentum change. Varying size of 
orifice shows some propulsion prin- 
ciples. University of Maine, Orono, 
Maine. 


“Jason Reactor for Training and 
Research,” Engineer, vol. 207, no. 
5385, pp. 582-4, April 10, 1959, 

Describes 10-KW reactor built 
from “Argonaut” design. 


“Cheap Wind Tunnel Models from 
Plastic Kits,” Space/Aeronautics, 
vol. 31, no. 59, p. 99, May, 1959, 

Cheap plastic models used for 
making preliminary investigations— 
correlation of coefficients good as 
found from the models. 


W. A. Blackwell, and H. E. Koenig, 
“A Combined Machinery and Con- 
trol Systems Laboratory,” Inst. 
Radio Engrs. Transactions on Edu- 
cation, vol. E-2, no. 4, pp. 128- 
134, September, 1959. 

Stresses importance of consider- 
ing machines as part of a system, 
and hence shows advantages of 
combining electrical machines and 
systems laboratories into one. This 
is done by using small machines 
and breadboards with measuring 
instruments. Considers that lab- 


oratory should go further and in- | 


clude hydraulic and pneumatic ma- 
chines. Pictures of torquemeter, 
typical breadboard set-ups, lists of 
equipment. Small scale not only 
reduces capital cost but reduces 
setting up price and gives flexibility. 


A. R. Deschere, “A Small Rocket | 


for Laboratory Demonstration,” J. 
Eng. Educ., vol. 50, no. 3, pp. 
251-253, December, 1959. 


Article gives specifications and | 
block diagram of process, plans | 
and operating instructions can be 7 


obtained. 


C. F. Cusick, “Measuring Flow,” 
Instrumentation, vol. 13, no. 2, p. © 


7, 1960. 
“Some hints in selecting and 


locating primary flow elements | 
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55 


56 


57 
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59 


when you want to measure flow by 
means of a differential pressure 
drop.” 


M. B. Moore, Mechanical Engi- 
neering Measurements, D. Van 
Nostrand Co., New York, 1960. 


M. H. Vavra, Aero-Thermodynam- 
ics and Flow in Turbo-Machines, 
John Wiley and Sons, New York, 
1960. 

Description given on p. 99 of 
experimental steam turbine test rig. 


R. S. Hartenberg, and J. Denavit, 
“The Kinematics Laboratory at 
Northwestern University,” Machine 
Design and Manufacturing Bul- 
letin, a publication of the Mech. 
Eng. Division of ASEE, vol. 26, 
no. 3, February, 1960. 

The authors state that the initial 
purpose was to explain the basic 
concepts of the geometry of mo- 
tion in its multiple aspects as dur- 
ing successive displacements of a 
mechanism. Gradually the utility 
of the laboratory was increased to 
include areas where visual data 
and physical impressions support 
abstractions. The result is worthy 
of close study by all teachers of 
kinematics, since it is an outstand- 
ing achievement. 


Erik Moll6-Christensen, “Apparatus 
for Lecture Demonstration in Aero- 
dynamics,” March, 1960. 
Description of flow visualization 
device. As yet unpublished. 


Herbert A. Krivka, “Make Your 
Own Thermocouples,” Machine 
Design, vol. 32, no. 12, p. 184, 
June 9, 1960. 

Technique of making thermo- 
couples with a small oxyacetylene 
torch. 


W. C. Reynolds, “Demonstration 
Experiment for Heat Transfer,” 
Stanford University, unpublished, 
undated. : 

Uses a vacuum tube, thermo- 
couple and a set of different types 
of metal cover to show the effects 
of different heat transfer factors on 
the temperature of the tube. 
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G. Supino, “Air-Water Analogy 
and Study of Hydraulic Models,” 
NACA-Tech. Memo, 1359, July, 
1953, 22 pages. 

C. O. Mackey, and N. R. Gay, 
“Cooling Loads from Sunlight 
Glass and Wall,” Presented at 
Semi-Annual Meeting, The Amer- 
ican Society of Heating and Ven- 
tilating Engineers, Swampscott, 
Massachusetts, June, 1954. 

Refers to use of hydraulic an- 

alogue developed at Cornell Uni- 
versity. 
H. H. Kurzweg, and R. E. Wilson, 
Experimental Hyperballistics,” 
Aeronautical Eng. Rev., vol. 15, 
no. 12, pp. 32-38, December, 
1956. 

“Use of small scale models, shock 

tubes and hypersonic wind tunnels 
in investigations of hypersonic 
data.” Two different approaches: 
(1) wind tunnel, (2) subjected ac- 
celerated with explosive. Also 
both methods have been combined 
by firing models from a gun in 
wind tunnel. Models fired in gases 
other than air in order to study ef- 
fects under high mach. no. 5. 
Bibliography. 
ASEE, “Educational Use of Nu- 
clear Reactors,” J. Eng. Educ., vol. 
48, no. 2, pp. 102-10, November, 
1957. 

Report of committee—reviews 

types of education reactors. Paper 
1. “Water Boiler,” Paper 2. “Low 
Power Water Boiler,” Paper 3. 
The low-power homogeneous poly- 
ethylene—moderated reactor, Paper 
4, The thermal test reactor, Pa- 
per 5. The Argonaut—TTR used 
for university training, Paper 6. 
The swimming pool reactor, Paper 
7. The “pickel barrel.” 
T. N. Cetinkale, and Margaret 
Fishenden, “Thermal Conductance 
of Metal Surfaces in Contact,” 
April, 1951. 

Discussion of equipment and 
theory of an experimental setup 
used to measure heat transferred 
across metal surfaces while sub- 
jected to varied pressures. 
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Howard C. Roberts, Mechanical 
Measurements by Electrical Meth- 
ods, The Instruments Publishing 
Co., Inc., Pittsburgh, 2nd Ed., 
1951. 


P. K. Stein, “Measurement Engi- 


neering, Science or Technology?” ~ 


Strain Gage Readings, vol. II, no. 
6, Feb.—Mar., 1960, Stein Engi- 
neering Services, Phoenix, Arizona. 

Describes a course in measure- 
ments taken by engineering stu- 
dents at Arizona State University. 
Some description of lab. experi- 
ments and instruments. 


Experimental Engineering, Vol. 
VII, Engr. 104 CD, University of 
California, Los Angeles, Revised 
September, 1956, Third Ed., Sep- 
tember, 1959. 

General instructions and notes 
for experiments in the senior lab- 
oratories. Experiments are in the 
fields of heat and mass transfer, in- 
ternal combustion engines, thermal 
and luminous radiation, advanced 
stress analysis, fluid flow, analog 
computers, production, power plant 
test and projects. 


S.E.S.A., Manual on Experimental 
Stress Analysis Techniques, (Pre- 
lim. Edit.), Society for Experimen- 
tal Stress Analysis, Cambridge, 
Massachusetts, 1959. 

Covers the three most important 
tools of experimental stress analy- 
sis: (1) bonded wire strain gages; 
(2) brittle lacquer; (3) photo- 
elasticity. 


S.E.S.A., Catalog of Equipment 
used in Experimental Stress Analy- 
sis, (Prelim. Edit.), Society for 
Experimental Stress Analysis, Cam- 
bridge, Massachusetts, 1958. 
Catalog contains reference to 
manufacturers of equipment, hard- 
ware and instrumentation used in 
the measurement of stress, strain, 
and related physical phenomena. 
Catalog includes following  sec- 
tions: 1. Literature on techniques, 
2. Manufacturers of equipment and 
materials, 3. Equipment and mate- 
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1. 


K. J. Habell, and A. Cox, Engi- 
neering Optics: The Principles of 
Optical Methods in Engineering 
Measurement, Pitman, New York, 
1948. 


E. B. Wilson, Jr., An Introduction 
to Scientific Research, McGraw. 
Hill Book Co., New York, 1952. 
R. C. Dean, Aerodynamic Measure. 
ments, Gas Turbine Laboratory, 
Massachusetts Institute of Tech- 
nology, 1953. 

Do All Company, The Science of 
Precision Measurement, Des 
Plaines, Illinois, 1953. 264 pages. 
R. J. Sweeney, Measurement Tech- 
niques in Mechanical Engineering, 
John Wiley and Sons, New York, 
1953. 

S. J. Kline, and F. A. McClintock, 
“Describing Uncertainties in Sin- 
gle Sample Experiments,” Mech. 
Eng., vol. 75, no. 1, pp. 3-8, 
January, 1953. 

A single-sample experiment is 
one which may not be repeated, 
and hence the usual statistical 
methods are not applicable to re- 
sults. Describes uncertainties of 
human observation and uncertain- 
ties of instruments and means of 
estimating them and then deter- 
mining their effects on the final re- 
sult, thus determining which vari- 
ables have greatest effect on un- 
certainty and hence where great- 
est improvements can be made. 
C. W. Newberry, and R. S. Jerrett, 
“Mobile Engineering Laboratory,” 
Engineering, vol. 175, no. 4556, 
pp. 669-71, May 22, 1953. 

Base for engineering measurements 
—describes and illustrates the lab- 
oratory in much detail. 

J. C. Boonshaft, “Measurement Er- 
rors: Classification and Interpreta- 
tion,” ASME Paper, N-53-A-219 
for meeting November 29—Decem- 
ber 4, 1953, 6 pages. 

Classification and appearance of 
errors contributing to uncertainty 
of measurement with industrial in- 
dicating and recording instruments. 
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H. F. Dodge, “Interpretation of 
Engineering Data: Some Observa- 
tions,” Edgar Marburg Lecture pre- 
sented before 57th Annual Meet- 
ing of the American Society for 
Testing Materials, 1954. 

T. N. Whitehead, The Design and 
Use of Instruments and Accurate 
Mechanisms, Dover Publications, 
New York, 1954. 283 pages. 

J. F. Coales, “Some Principles of 
Measurement and Control,” J. Sci. 
Instruments, vol. 33, no. 12, pp. 
457-64, December, 1956. 

Simple theory of linear control 
systems developed mathematically. 
Limitations of measuring instru- 
ments. 

A. W. Judge, Engineering Precision 
Measurements, 3rd Ed., Chapman 
and Hall, London, 1957. 


W. R. Buckland, “Statistical Meth- 
ods Applied to Engine Testing,” 
Inst. Mech. Engrs., vol. 172, no. 7, 
pp. 266-77, 1958. 

Problem of making an estima- 
tion from a few test observations. 
Examples suitable for lab and 
bench tests. Design of experi- 
ments. Useful list of references. 


N. G. Parke, III, Guide to the 
Literature of Mathematics and 
Physics Including Related Works 
on Engineering Science, Dover 
Publications, New York, 1958. 

Sections on Design of Experi- 
ments, measuring, apparatus, etc. 
Excellent references with com- 
ments. Advice on the conduct of 
literature searches. 


C. W. Churchman and P. Raivosh, 
Measurement: Definitions and The- 
ories, John Wiley and Sons, New 
York, 1959. 

This book is based on a sym- 
posium conducted at the 1956 
meetings of the American Associa- 
tion for the Advancement of Sci- 
ence. The papers contrast ap- 
proaches to the problem of meas- 
urement and consider its meaning 
and significance as interpreted in 
various disciplines. Book is divided 
in four parts. Part I defines some 
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18 
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meanings of measurement. Part 
II considers some theories of meas- 
urement. Part III is concerned with 
problems of measurement in the 
physical sciences. Part IV deals 
with the social sciences. 


Experimental Engineering, Vol. I, 
Engr. 4A, Introduction to Engi- 
neering Systems, University of Cali- 
fornia, Los Angeles, Revised Sep- 
tember, 1959. 

Notes written for a course in- 
tended to provide beginning engi- 
neering students an introduction 
to the general procedure for study- 
ing the behavior of engineering sys- 
tems. First section outlines course 
content, second deals with meas- 
urements and descriptive statistics. 
Sections three, four and five de- 
scribe experiments to be performed. 
Sixth section contains selected read- 
ing list. Section on measurements 
and statistics extremely interesting 
and important for early introduc- 
tion of important concepts. 

M. B. Moore, Mechanical Engi- 
neering Measurements, D. Van 
Nostrand Co., New York, 1960. 
Howard C. Roberts, Mechanical 
Measurements by Electrical Meth- 
ods, The Instruments Publishing 
Co., Inc., Pittsburgh, 2nd Ed., 
1951. 


P. K. Stein, “Measurement Engi- 
neering, Science or Technology?” 
Strain Gage Readings, vol. II, no. 
6, Feb.—Mar., 1960, Stein Engi- 
neering Services, Phoenix, Arizona. 
Describes a course in measure- 
ments taken by engineering stu- 
dents at Arizona State University. 
Some description of laboratory ex- 
periments and instruments. 


Design of Experiments 


A. G. Worthing, and J. Geffner, 
Treatment of Experimental Data, 
John Wiley and Sons, New York, 
1943. 


C. Eisenhart, M. W. Hastay, and 
W. A. Wallis, Techniques of Statis- 
tical Analysis for Scientific and In- 
dustrial Research and Production 


a 
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10 


11 


12 
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and Management Engineering, Mc- 
Graw Hill Book Co., New York, 
1947. 

H. B. Mann, Analysis and Design 
of Experiments, Dover Publica- 
tions, New York, 1949. 


W. G. Cochran, and G. M. Cox, © 


Experimental Designs, John Wiley 
and Sons, New York, 1950. 

R. A. Fisher, The Design of Ex- 
periments, 6th Ed., Hofner Pub- 
lishing Co., New York, 1951. 
Oscar Kempthorne, Design and 
Analysis of Experiments, John 
Wiley and Sons, New York, 1952. 
E. B. Wilson, Jr., An Introduction 
to Scientific Research, McGraw 
Hill Book Co., New York, 1952. 
M. H. Quenouille, The Design and 


Analysis of Experiment, Hofner . 


Publishing Co., New York, 1953. 
S. J. Kline, and F. A. McClintock, 
“Describing Uncertainties in Single 
Sample Experiments,” Mech. Eng., 
vol. 75, no. 1, pp. 3-8, January, 
1953. 

A sirigle-sample experiment is 
one which may not be repeated, 
and hence the usual statistical 
methods are not applicable to re- 
sults. Describes uncertainties of 
human observation and uncertain- 
ties of instruments and means of 
estimating them and then deter- 
mining their effects on the final re- 
sult, thus determining which vari- 
ables have greatest effect on un- 
certainty and hence where great- 
est improvements can be made. 


Owen, L. Davies, Design and 
Analysis of Industrial Experiments, 
Hofner Publishing Co., New York, 
1954. 


H. F. Dodge, “Interpretation of 
Engineering Data: Some Observa- 
tions,” Edgar Marburg Lecture 
presented before the 57th Annual 
Meeting of the American Society 
for Testing Materials, 1954. 


R. A. Fisher, Statistical Methods 
for Research Workers, 12th Ed., 
Hofner Publishing Co., New York, 
1954. 


13 


14 


15 


15 


17 


18 


19 
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William T. Federer, Experimental 
Design: Theory and Application, 
MacMillan Publishing Co., New 
York, 1955. 


D. J. Finney, Experimental Design 
and Its Statistical Basis, The Uni- 
versity of Chicago Press, 1955. 


L. A. Finzi, “Uses of the Labora. 
tory in the Teaching of Electric 
Machinery Courses,” J. Eng. Educ., 
vol. 46, no. 4, pp. 321-6, Decem- 
ber, 1955. 

Suggestions for more inspiring 
and imaginative use of machinery 
lab. than the usual “3-variable 
test.” Also emphasizes co-ordina- 
tion between lecture and lab. work, 
even if this means sometimes re- 
ducing lab. work to a demonstra- 
tion. 


Owen L. Davies, Statistical Meth- 
ods in Research and Production, 
3rd Ed., Hofner Publishing Co., 
New York, 1956. 


M. J. Moroney, Facts from Figures. 
Penguin Books, Great Britain, 3rd 
Ed., 1956. 

A layman’s introduction to statis- 
tics available in a paper-back. A 
comprehensive introduction to the 
possibilities of the subject. Book 
ranges from purely descriptive sta- 
tistics through probability theory, 
design of sampling schemes, pro- 
duction quality control, correlation, 
analysis of variance and co-vari- 
ance. Highly recommended, par- 
ticularly to the reader who has not 
had formal training in the subject 
of probability and statistics. Clearly 
written in an entertaining style. 


J. F. Coales, “Some Principles of 
Measurement and Control,” J. Sci. 
Instruments, vol. 33, no. 12, pp. 
457-64, December, 1956. 


Simple theory of linear control | 
systems developed mathematically. | 
Limitations of measuring instru- | 


ments. 


W. R. Buckland, “Statistical Meth- : 


ods Applied to Engine Testing,” 


Inst. of Mech. Engrs., vol. 172, no. | 


7, pp. 266-277, 1958. 
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Problem of making an estimation 
from a few test observations. Ex- 
amples suitable for lab and bench 
tests. Design of experiments. 
Useful list of references. 

290 N. G. Parke, III, Guide to the 
Literature of Mathematics and 
Physics Including Related Works 
on Engineering Science, Dover 
Publications, New York, 1958. 

Sections on design of experi- 
ments, measuring, apparatus, etc. 
Excellent references with com- 
ments. Advice on the conduct of 
literature searches. 

21 J. S. McNown, and H. Orel, “Ex- 
periments and Reports on Turbu- 
lent Mixing, Etc.” Kansas Engi- 
neer, Lawrence, Kansas, pp. 13- 
17, January, 1959. 

Shows how small projects in- 
stead of routine tests transform lab 
work from uninteresting routine to 
valuable and stimulating instruc- 
tion. Report-writing greatly im- 
proved since student has a well-de- 
fined audience and a specific mes- 
sage. Four projects mentioned 
are: 1. Study of entrainment of air 
by jet of liquid entering liquid. 
2. Detection of position of leak in 
pipe by reflection of pressure wave. 
3. Deflection of a stream of water 
by partial obstruction. 4. Study of 
emptying time of bottles. 

22 Experimental Engineering, vol. I, 
Engr. 4A, Introduction to Engi- 
neering Systems, University of Cali- 
fornia, Los Angeles, Revised Sep- 
tember, 1959. 

Notes written for a course in- 
tended to provide beginning engi- 
neering students an introduction to 
the general procedure for studying 
the behavior of engineering sys- 
tems. First section outlines course 
content, second deals with meas- 
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urements and descriptive statistics. 
Sections three, four and five de- 
scribe experiments to per- 
formed. Sixth section contains 
selected reading list. Section on 
measurements and _ statistics ex- 
tremely interesting and important 
for early introduction of important 
concept. 

23 L. Trefethan, “Information Con- 
cepts and Laboratory Work at 
Tufts University,” June, 1960. 

A radically new approach to the 
whole curriculum, making informa- 
tion concepts the touch-stone and 
basis of everything. Laboratory 
becomes place for gathering and 
studying information. All faculty 
members participate in lab in areas 
where they are interested. Amount 
and kind of lab work by student 
depends on_ individual faculty 
members. Endeavors are made to 
carry on projects. 

24 R. L. Brown, “Essence of Design 
of Experiments,” Applied Mechan- 
ics Reviews, vol. 8, no. 10, pp. 
405-9, October, 1955. 

As per title, as it applies to en- 
gineers. 

25 K. A. Brownlee, “Principles of Ex- 
perimental Design,” Indus. Qual- 
ity Control, vol. 13, no. 8, pp. 12- 
20, February, 1957. 

“Nature, purposes, and types of 
experimentation; main contribu- 
tions of statistician to design of 
experiment.” 

26 J. C. Boonshaft, “Measurement Er- 
rors: Classification and Interpreta- 
tion,” ASME Paper N-53-A-219 
for meeting November 29—Decem- 
ber 4, 1953, 6 pages. 

Classification and appearance of 
errors contributing to uncertainty 
of measurement with industrial in- 
dicating and recording instruments. 


Teaching Positions Available (Continued from page 799) 


SANITARY ENGINEER TO ORGAN- 
ize, supervise, and occasionally teach 
short courses for operators and engineers 
throughout Pennsylvania. Requires con- 
siderable travel, but also includes periods 
of time at home. Applicant should have 
broad knowledge of all areas of sanitary 


engineering. Rank of instructor or as- 
sistant professor depending upon qualifi- 
cations. Write to R. E. McCord, Direc- 
tor, Continuing Education in Engineer- 
ing, 231 Sackett Building, The Pennsyl- 
vania State University, University Park, 
Pa. 
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Transfers to Schools or Colleges of Engineering 
1951, 1952, 1953, 1959, and 1960 


HENRY H. ARMSBY 


Chief for Engineering Education 
Division of Higher Education 
U. S. Office of Education 


This circular presents the results of 
the fifth study of transfers to schools or 
colleges of engineering. Earlier studies 
were conducted during the years 1951, 
1952, 1953, and 1959 under the joint 
auspices of the American Society for En- 
gineering Education and the U. S. Office 
of Education. In the first three of these 
surveys the engineering colleges were 
asked to report the number of students 
“now classified” as first, second, third, or 
fourth year students who in the fall of 
the year in question entered the engineer- 
ing college by transfer (a) from curric- 
ulums leading to engineering degrees, 
and (b) from curriculums not leading to 
engineering degrees. The number of 
such students reported for each class 
was converted for each institution to a 
percentage of total enrollment in that 
class. These percentages, rather than 
the actual numbers involved, were used 
in the preparation of tables contained in 
the three original reports and in Circular 
No. 397, dated April 1954, which sum- 
marized the three reports. Circular 397 
is out of print, but its data on transfers 
from non-engineering curriculums are 
included in this circular. 

The series of surveys was renewed in 
1959 because of the belief that there had 
been a material expansion in the num- 
bers of transfer students since 1953, and 


Statistical tabulations and computa- 
tions by Shirley Radcliffe, Research 
Assistant, Division of Higher Educa- 
tion. This article is a reprint of 
U. S. Department of Health, Educa- 
tion, and Welfare, U. S. Office of 
Education Circular OE-54005-61, 


March, 1961. 


that this expansion might account for an 
appreciable fraction of the decline in 
engineering freshman enrollment which 
had taken place during the preceding 2 
years. This feeling was shared by many 
of the deans of engineering colleges, and 
at about the time the decision was made 
to conduct the survey a formal request 
was received by the Office from the Gen- 
eral Council of the American Society for 
Engineering Education asking that the 
earlier study be reactivated. 

For the purposes of these reactivated 
studies it is considered that the transfers 
from one engineering college to another 
are unimportant, since they do not 


change the number of students enrolled | 


in engineering curriculums. Hence, while 
to a particular institution they may con- 
stitute a serious problem, from the na- 


tional manpower aspect they are con- | 


sidered to be immaterial. 


The current questionnaire therefore | 


covered transfers to engineering colleges 


in the fall of 1960, but only from non- 
Instructions 
stated that the students reported “should | 


engineering curriculums. 


include transfers from liberal arts col- | 
leges (in your own or another institu. | 
tion), junior colleges, community col | 
leges, technical institutes, etc., but should © 


not include transfers from degree-grant- 
ing engineering colleges.” 
The questionnaires were mailed to the 


deans of engineering at the same time 


that blanks for the engineering enroll 
ment reports were sent to the registrars. 
Subsequent follow-up mailings resulted 
in an almost complete coverage of the 
engineering colleges. 

Usable replies were received from 221 
engineering colleges, which represent 
96.1% of the recognized degree-granting 
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TABLE 1 


ANALYSIS OF RESPONDENTS 


Item 


1951 1952 1953 1959 1960 


Number of engineering colleges to which questionnaires were 
Number of usable replies received.............. 
Engineering students in first, second, third, and fourth years of 
respondent institutions as percentage of such students in all 


192 | 193 | 210 | 231 |} 236 
- 156 | 163 | 185 | 160 | 227 
81 85 88 69 96 


84 73 95 76 96 


engineering schools in the United States. 
The responding institutions in the fall of 
1960 enrolled 96.0% of all first-year en- 
gineering students, 95.6% of all second- 
year engineering students, 96.5% of all 
third-year engineering students, 96.4% 
of all fourth-year engineering students, 
and 96.2% of engineering students in 
the four classes combined. Data from 
individual schools can be supplied on 
request. 

These figures indicate that the re- 
spondents constitute a consistent sam- 
pling of all the engineering colleges, and 
that it is safe to consider that the per- 
centages presented in this bulletin are 
representative of all engineering colleges 
in the country. 

Table 1 shows comparative analyses 
of the groups of institutions reported in 
this survey and those in previous years. 

As in the earlier studies, the number 
of transfer students reported for each 
class in an institution was converted into 
a percentage of the total enrollment in 
that class as reported by the institution 
in the regular fall engineering enrollment 
report. These percentages, rather than 
the actual numbers involved, were used 
in the preparation of Tables 2 and 3. 
In these tables the data for 1951, 1952, 
1953, and 1959 are taken directly from 
similar tables in the earlier reports. 

Since many institutions find it difficult 
to report the exact number of students 
transferring into the institution from non- 
engineering curriculums, the deans were 
asked to make their best estimate of the 
numbers of such students if they were 
unable to supply definite figures. The 
percentages shown in Table 2 and in 
Table 3 are based on the total numbers 


reported by the institutions, and there- 
fore represent a combination of estimates 
and actual enrollment data. 

The institutions which on the 1960 
questionnaire submitted estimates rather 
than exact numbers were: for first-year 
students, 22%; for second-year students, 
21.4%; for third-year students 17.4%; 
for fourth-year students, 13.9%. 

Table 2 shows for the years 1951, 
1952, 1953, 1959, and 1960 the max- 
imum percentage of each class reported 
by any one institution as having been 
admitted by transfer from a non-engi- 
neering curriculum, the weighted aver- 
age of the percentages so admitted, the 
median percentage, and the minimum 
percentage. The last figure is zero for 
all class levels in every year. 

A review of the individual reports 
from the institutions discloses that there 
was a wide range among institutions in 
the proportions of their students who had 
been admitted by transfer, especially dur- 
ing the first three years. The large dif- 
ferences between averages and medians 
are due to the fact that in a small num- 
ber of institutions the percentages of 
transfer students are far higher than the 
average for the group. 

The figures quoted as maximum per- 
centages apply in every instance to one 
institution, and in practically all cate- 


’ gories there is a large drop between this 


institution and the next larger. 

Table 3 gives distributions of instruc- 
tions according to the percentages of 
their various classes who were admitted 
by transfer from non-engineering curric- 
ulums during the years listed. Columns 
3 to 6, inclusive, show for each year the 
percentage of institutions which admitted 


i 
= 
q 
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the percentage of transfer students indi- 
cated in column 1. For example, in 1960 
44.0% of the institutions admitted be- 
tween 0.1% and 4.9% of their first-year 
students by transfer from non-engineer- 
ing curriculums. This represents a de- 
crease of 1.1% from the corresponding: 
figure for 1959, during which year 45.1% 
of the institutions admitted this percent- 
age of first-year students by transfer. 
The data contained in Tables 2 and 3 
demonstrate without question that there 
has been a considerable increase since 
1951 in the numbers and percentages of 
students admitted to engineering colleges 
by transfer from non-engineering cur- 
riculums. At each class level there has 
been a decided drop in the number of 
institutions which admitted no such stu- 
dents, and there have been increases in 
nearly all of the percentages for the vari- 
ous groups covered in Table 3. There 
have also been at each class level in- 
creases in the maximum percentage ad- 
mitted, in the weighted average, and in 
the median percentage. It is quite ap- 
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parent, therefore, that the problem of 
the transfer student is growing rapidly 
in seriousness to the engineering colleges, 

As to the relationship between the in. 


’ creases in transfer students and the de. 


cline in engineering freshman enroll. 
ments, it is unfortunate that this series of 
studies was discontinued during the years 
between 1953 and 1959, since it is im. 
possible to get a direct comparison be. 
tween the figures for 1959 and the cor. 
responding ones for 1958 and 1957. 
However, a comparison of the figures 
for 1959 and 1960 with those for the 
years 1951, 1952, and 1953 indicate 
quite clearly that there is such a relation. 
ship and that the increase in transfer stu- 
dents has been a contributing factor in 


the decline of freshman engineering en- | 


rollments. The first-year students ad- 
mitted by transfer in the fall of an aca- 
demic year represent students who were 
enrolled in a non-engineering curriculum 
for one or two semesters, usually in the 
preceding academic year, and who then 
transferred to the engineering college, 


TABLE 2 


PERCENTAGE OF STUDENTS TRANSFERRING TO ENGINEERING COLLEGES FROM NON-ENGINEERING 
CURRICULUMS sy Crass LEVEL, FALL oF 1951, 1952, 1953, 1959, Aanp 1960 


Class Level 
Item Year 
ist year 2d year 3d year 4th year 
(1) (2) (3) (4) (5S) (6) 
Maximum 1951 29.7 46.7 41.7 10.7 
1952 23.6 317 30.8 6.3 
1953 50.0 50.0 56.2 34.3 
1959 88.0 100.0 66.0 91.3 
1960 93.5 74.4 100.0 83.6 
Weighted average 1951 a7 5.8 3.8 0.3 
1952 3.4 6.0 KY 0.4 
1953 2.8 4.0 33 0.5 
1959 5.0 8.5 1.5 
1960 4.4 9.2 9.9 
Median 1951 24 4.0 0.9 0.0 
1952 1.8 3.8 0.7 0.0 
1953 1.0 fey) 0.0 0.0 
1959 2.9 5.6 3 0.0 
1960 3.0 HE 2.4 0.0 
Minimum All Years 0.0 
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TABLE 3 


PERCENTAGE DisTRIBUTION OF ENGINEERING COLLEGES ACCORDING TO THE PERCENTAGE OF 
TRANSFER STUDENTS FROM NON-ENGINEERING CURRICULUMS Crass 
LEVEL, FAtt oF 1951, 1952, 1953, 1959, anp 1960 


Percentage of Colleges 
Transfers Cent 
ist Year 2d Year 3d Year 4th Year 
(1) (2) (3) (4) (S) (6) 
0 1951 34.7 26.3 43.6 84.5 
1952 31.3 24.5 48.5 82.8 
1953 42.2 35.2 54.2 81.7 
1959 23.9 16.7 26.0 69.7 
1960 23.9 13.7 30.9 64.9 
0.1 to 4.9 1951 39.6 30.1 33.3 14.1 
1952 39.2 30.1 28.3 14.7 
1953 37.3 34.5 26.3 13.5 
1959 45.1 30.2 36.4 22.2 
1960 44.0 30.1 28.3 27.0 
5.0 to 9.9 1951 14.2 26.9 10.9 0.7 
1952 17.2 24.5 9.8 25 
1953 13.5 ti 10.8 1.6 
1959 18.5 24.7 19.1 3.1 
1960 19.6 22.4 16.1 4.5 
10.0 to 19.9 1951 8.3 9.6 8.4 0.7 
1952 10.5 13.6 11.6 0.0 
1953 6.0 10.3 4.9 yA 
1959 8.6 20.4 10.5 5 
1960 9.1 21.0 9.0 0.9 
20 or more 1951 3.2 ta 3.8 0.0 
1952 1.8 tea 1.8 0.0 
1953 1.0 27 3.8 1.1 
1959 4.3 8.0 8.0 2.5 
1960 3.4 12.8 15.7 2.7 


but did not receive sufficient credit to 
be classified as sophomores. Therefore, 
from the standpoint of engineering these 
represent students who postponed their 
entrance to an engineering college for 
one year. In other words, these students 
could have entered the engineering col- 
lege in the previous year, but for one 
reason or another did not do so. 
Similarly, the second-year students 
who are admitted by transfer in the fall 
of one academic year répresent students 
who have been enrolled in a non-engi- 
neering curriculum for two years, and 
who therefore might have entered engi- 
neering school two years earlier, and 


might now be third-year students. From 
the standpoint of engineering education 
these students postponed their college 
entrance for two years. 

Students have been transferring from 
non-engineering curriculums to engineer- 
ing colleges for many years, and if their 
numbers remained constant the “loss” of 
engineering freshmen in a given year 
would be offset by the “gain” on trans- 
fers from the preceding year, resulting in 
no net change. But when the number 
of transfer students increases in one year 
over the preceding year, the increment 
results in a corresponding decline in en- 
gineering freshmen in the second year. 


4 

| 

—== | 
4th year q 2 
(6) : 

4 
34.3 
91.3 

83.6 

03 ‘ 
0.4 

0.0 
0.0 
0.0 

. 
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Similarly, a decline in the number of 
transfer students in one year will result 
in an increase in engineering freshmen 
the following year, as is illustrated by 
the increases in engineering freshmen 
which followed the declining percentages 
of transfer students shown in Table 2 
for 1952 and 1953. 

It does not seem worth while to carry 
out any elaborate mathematical computa- 
tion in an attempt to arrive at an exact 
fraction of the engineering freshman en- 
roliment drop which can be attributed to 
the increase in transfer students, but it 
is obvious that there is a direct connec- 
tion. 

Such a computation might be made 
by applying the change in the weighted 
average from one year to the next to the 
total engineering freshmen in the second 
year, which would give a figure for the 
total number of transfers, which could in 
turn be converted to a percentage of 
the total increase or decrease of engi- 
neering freshmen. In OE-54005, the 
study similar to this one which was is- 
sued in March 1960, such a computation 
was followed through on the basis of two 
estimates for the missing figures for the 
year 1958 (JourNaL, June, 1960, pp. 
869-873). These estimates were based 
upon two assumptions, (1) that the in- 
crease from 1953 to 1959 took place 
uniformly through the six years, and (2) 
that the entire change took place be- 
tween 1958 and 1959. Under the first 
assumption the computation indicated 
that the increase in transfer students from 
1958 to 1959 accounted for about 114% 
of the decrease in freshman enrollment. 
Under the second assumption it would 
account for 611%4% of the decrease. 
Similarly, the increases in second-year 
transfers would account for somewhere 
between 6%% and 304% of the decline 
in sophomore enrollment. It was pointed 
out in that bulletin that these extremely 
wide ranges in possible values furnish an 
excellent example of the importance of 
continuity in statistical studies in any 
field of education. If the study of trans- 
fers had been continued through the 
years between 1953 and 1959 the result- 
ing data would make possible a much 
more reliable measure of the relation- 
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ship between transfer students and fresh. 
man enrollments. 

Using the data collected in 1960 in 
comparison with that for 1959 by the 
same method of computation outlined 
above would indicate that the freshman 
enrollment in 1960 should have exceeded 
that for 1959 by about 400 students, 
whereas actually there were 148 fewe 
freshmen in the fall of 1960 than in the 
fall of 1959. At the sophomore level the 
increase in the weighted average of trans. 
fers applied to the total number of see. 
ond-year students would indicate that 
the increase in transfers from 1959 to 
1960 would account for 25% of the de. 
crease in enrollment. At the third-year 
level the increase in the weighted aver. 


- age of transfers applied to the 1960 en- 


rollment would account for about 27% 
of the decline in third-year enrollments, 

The lack of information for the years 
1954 to 1958, inclusive, makes it ex. 
tremely difficult to arrive at any sound 
and logical conclusions as to general 
trends in the percentage of students 
transferring into engineering curriculums. 
Freshman engineering enrollment reached 
its post-war low in 1950, and its all-time 
high in 1957. The corresponding low 
and high points for other classes were, 
second-year students 1951 and 1957, 
third-year students 1952 and _ 195i, 
fourth-year students 1953 and 1958. 

The enrollment in all classes has been 
declining steadily since the high points 
noted above were achieved. Since all 
the high points occurred during the years 
in which no statistics on transfers were 
collected, it is impossible to tell with any 
accuracy whether or not the turning 
points in enrollments could have been 
predicted, had data on transfers been 
available. In other words, the peaks in 
transfers may have occurred before ot 
after the high points in enrollments; and 
the size of the transfer group may be 
more or less than the increase or decrease 
in freshman enrollments. This points up 
the importance of continuity and_ the 
difficulty of attempting to project ahead 
on the basis of the partial information 
at hand. 

It seems certain that there is a rela 
tionship between changes in percentages 
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June, 1961 WHAT'S GOING ON IN ASEE 
of transfer students and declining or in- 
creasing enrollments, but it is quite ob- 
vious that it will be necessary to continue 
this study for a few more years if reliable 
and logical trends are to be determined. 
It might be pointed out that there has 
also been a growth in the number of 
“3-9” programs, in which engineering 
colleges cooperate with liberal arts col- 
leges in the offering of 5-year curriculums 
leading to degrees both in liberal arts 
and engineering . This development in- 
creases the number of students transfer- 
ring from non-engineering curriculums to 
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engineering colleges, principally at the 
third-year level. 

When it is remembered that 86% of 
the engineering colleges which responded 
to the 1960 questionnaire admitted sec- 
ond-year students by transfer from non- 
engineering curriculums, that 76% ad- 
mitted first-year students by this method, 
69% admitted third-year students, and 
35% admitted fourth-year students, it 
becomes evident that the problem of 
transfer students is important in a sig- 
nificant proportion of the engineering 
colleges of the country. 


What's Going On In ASEE 
A Narration of Major Actions of the Executive Board, April 7, 1961 


W. Leighton Collins, Secretary 


A number of changes having a far- 
reaching impact on ASEE and its func- 
tioning were initiated at the April 
meeting of the Executive Board. The 
long-standing problem of active mem- 


bership for technical institutes, individ- 


ual memberships for the representatives 
of industrial members, a revision of the 
dues structure to insure adequate financ- 
ing for the foreseeable future, and a 
change in the election procedure for ac- 
tive members were the major actions 
taken. All decisions were motivated by 
the desire to continue to improve the 
services of the Society to all categories of 
membership and to insure that ASEE 
continues to be the spokesman for engi- 
neering education in the United States. 

The position of the technical institute 
and the adequate financing of the Tech- 
nical Institute Division is a long-standing 
problem and one becoming more com- 
plicated by the fact that in some states 
the technical institutes are integral parts 
of the state universities which are active 
members of ASEE. It was voted that 
technical institutes having one or more 
technical institute curricula accredited by 
the Engineers’ Council for Professional 
Development be eligible for active mem- 
bership, and that the representatives of 


such institutions be recognized as a Tech- 
nical Institute Council, just as the Engi- 
neering College Administrative Council 
consists of representatives of member in- 
stitutions having one or more baccalau- 
reate curricula in engineering accredited 
by ECPD. Under this new arrangement 
an active member might be eligible for 
membership in one, two, or three coun- 
cils—ECAC, ECRC, or TIC. 

A real budget problem is introduced 
because with this elevation of technical 
institutes to active membership the estab- 
lished practice of the Technical Institute 
Division to collect voluntary contribu- 
tions of $4.00 per year from interested 
individual members is to be discontinued. 
The nominal contributions from the So- 
ciety were totally inadequate to meet the 
Division’s needs, and that is why this 
extra source of funds was sought. 

The dues of all categories of institu- 
tional members have not been changed 
since 1946. Considering the increased 
costs of everything since that date, that 
services to members have improved, that 
the Society is more active now than ever 
before (judged by the special studies of 
recent years, if nothing else), that dues 
of individual members have been in- 
creased in the meantime, and that an 
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analysis of direct services rendered shows 
some great imbalances, the only conclu- 
sion possible is that the current dues 
structure of institutional members is 
archaic. To keep pace with develop- 
ments, a revision actually should have 
been initiated years ago. But as long as 
growth alone provided increased income 
of sufficient magnitude to permit some 
improvements, the burden of dues in- 
creases was placed entirely on the in- 
dividual members. 

In order to realistically face the future 
and to insure a sound financial structure 
for the years immediately ahead, it was 
voted that the dues for active institu- 
tional members be $75 per year for par- 
ticipation in any one council, plus an 
additional $25 per year for participation 
in each additional council. Changes also 
are recommended for the other types of 


institutional memberships. Some com- 
parisons follow. 
Active Members Recom- 
Present mended 
Participation in ECAC only $35 $ 75 
Participation in ECAC and 50 100 
ECRC 
Participation in TIC only 25! 75 
Participation in ECAC and 
TiC 60? 100 
Participation in ECAC, 

ECRC, and TIC 732 125 
Associate members $50 $75 
Industrial members 50 75 
Affiliate members 25 35 


1 Affiliate membership. 
2 Active and Affiliate memberships required. 


Based on the present membership, the 
estimated additional annual income will 
be about $14,000, which is only about 
9.7% of the current operating budget. 
The difficulty, however, is that the pro- 
visions of the constitution and bylaws of 
the Society make it essentially impos- 
sible to make the changes effective prior 
to July 1, 1962. 

Whenever the participation of industry 
in the Society has been discussed the big 
question always has been how the repre- 
sentatives of industrial members find 
ways and means of participating; they 
have never belonged to anything as in- 
dividuals. To remedy this situation and 
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to thus make it easier to get new men. 
bers and hold the ones we now have, 
was voted that each industrial membe 
have the right to designate one repr. 
sentative who automatically becomes a 
individual member of the Society with 
all rights and privileges without having 
to pay additional dues. The Relations 
With Industry Division and the Indu. 
trial Membership Committee both have 
urged that this change be adopted » 
that the representatives have a “divi 
sional home” like individual member 
now enjoy. This change might result 
in some loss of income because some rep. 
resentatives now hold individual men. 
berships and probably will discontinue 
them. 

The budget for 1961-62 has _ been 
given the most extensive preliminary 
study of any budget in recent years. The 
reason is that it cannot be balanced and 
still maintain the sound financing pol. 
icies of recent years, and particularly s 


if the initiated and contemplated im} 


provements in services are to be carried 
out. From previous actions of the Ger- 
eral Council and Executive Board inm- 


provements in services rendered by the} 


Society are: 


1. Editing and distribution of the Re- 


search Review. 
2 


divisions. 
the planning stage, but involve 
such things as 


mailing lists for improved distribu- 
tion. 


tions and department heads. 
. Quality of publications. 


awards. 


in the Yearbook-Directory. 


CM ND AA 


neering societies. 


Coordination of all Society publica} 
tions, particularly the newsletters of | 
This program is still in} 


more adequate} 


financing, improvement of quality,| 
and the providing of Divisiona| 


. Mailing lists for members of Sec-| 


. Doubling the number of majo) 


The Industrial Fellowship program! 
. The Position Wanted section in the) 
Journal of Engineering Education) 
. The Divisional listing of members| 


. Cooperation with the education 
committees of professional engi- 
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June, 1961 WHAT’S GOING ON IN ASEE 
Certain services not required five or 
more years ago now also must be pro- 


vided by the Society, such as: 


1. Distribution of publications. Five 
years ago, other than the Journal of 
Engineering Education and _ the 
Proceedings, there were four spe- 
cial reports or publications. Now 
there are about 20! 

2. Special Studies. The number has 
been gradually increasing and it 
looks as though the trend will con- 
tinue. Each of these, even when 
carried on at a particular institution, 
involves time and effort at Society 
headquarters and results in benefits 
to members. 

3. Journal of Engineering Education. 
Ten years ago the number of pages 
per year was 500 to 600; now the 
total is between 900 and 1,000. 
This increase is also accompanied 
by an increase in quality of papers; 
only about 1 of 5 or 6 papers sub- 
mitted for publication can be 
printed. 


But getting back to the budget for 
1961-62, the first draft showed a deficit 
of about $17,000. Continued study and 
whittling finally reduced it to about 
$7,000, the major reductions resulting 
from the deletion of an allocation to the 
emergency reserve, the deletion of an 


851 


added employee in Society headquarters, 
a higher estimate of indirect cost re- 
coveries from special projects, and a 
generous estimate of the continued 
growth of all categories of membership, 
particularly affiliate, where a strong ef- 
fort is being made to interest junior col- 
leges offering the so-called “pre-engi- 
neering” curricula. 

To avoid deficit financing for 1961-62 
and to maintain a reasonable balance in 
the per cent increase in dues since 1946, 
it was voted to recommend to the Gen- 
eral Council that the dues of individual 
members 36 years of age and over be 
increased from $9.00 to $10.00 per year, 
effective July 1, 1961. It is estimated 
that this will increase the income some 
$5,500 per year, or about 3.8 per cent. 
This increase will bring the dues of all 
individual members to the maximum per- 
mitted by the constitution. 

These are the actions which seemed to 
be necessary for ASEE to be a strong, 
vigorous Society, the spokesman for en- 
gineering education, and the leader to 
which individuals, other societies, na- 
tional and international, governmental 
agencies, etc. will naturally look for con- 
sultation and guidance. Each major 
group directly involved in the changes 
will be consulted and approval of all 
groups is sought. The whole-hearted 
support of each member is soiicited. 


HUMPHREYS APPOINTED PRESIDENT OF COOPER UNION 


The appointment of Dr. Richard Franklin Humphreys as president of The Cooper 
Union for the Advancement of Science and Art in New York City has been announced 


by Irving S. Olds, chairman of the Cooper Union trustees. 


A leading scientist in the 


nuclear field, Dr. Humphreys is now vice president of Armour Research Foundation 
of the Illinois Institute of Technology, Chicago. 

Dr. Humphreys succeeds Dr. Edwin S. Burdell as head of the 101-year-old Cooper 
Union, which is the nation’s oldest tuition-free private college of engineering, art, and 


architecture. 


Dr. Burdell retired in February, 1960, to become president of the 


Middle East Technical University in Ankara, Turkey, after 22 years as director and 


president of The Cooper Union. 


Dr. Humphreys will assume his new position on June 1, 1961. 
Dr. Humphreys has‘served as acting director of the Sloan Physics Laboratory at 
Yale and also as consultant on underwater sound research for industry and the govern- 


ment. 


He is co-author of a textbook on “First Principles of Atomic Physics,” 


and has 


published papers in Physical Review, Review of Scientific Instruments, and numerous 
other scientific journals. 


a8 
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Section Meetings 
Section Location of Meeting Dates Chairman of Section 


Allegheny. April, 1961 E. R. Schatz, 
Carnegie Institute 
of Technology 


Illinois-Indiana Ill. Inst. of Tech. May 13, 1961 Peter Chiarulli, 
Ill. Inst. of Tech. 
Kansas-Nebraska Kansas State U. Oct. 27-28, M. H. Snyder, 
1961 Univ. of Wichita 
Michigan Michigan State U. April 22,1961 C. E. Cutts, 
Mich. State Univ. 
Middle Atlantic Columbia Univ. Dec., 1961 F. L. Singer, 
New York Univ. 
Missouri-Arkansas Univ. of Ark. April, 1962 J. L. Imhoff, 
Univ. of Arkansas 
National Capital Area Jan. 10, 1961 Geo. H. Hickox, 
Ft. Belvoir, Va. 
New England Brown University Oct. 13-14, E. F. Littleton, 
1961 Tufts Univ. 
North Midwest Mich. Coll. of Min. Oct. 6-7, C. E. Work, 
& Tech. 1961 M.C.M.T. 
Ohio Ohio State Univ. May 6, 1961 R. S. Green, 


Ohio State Univ. 
Pacific Northwest Univ. of Washington May 5-6, H. P. Mittet, 


1961 Univ. of Washington 
Pacific Southwest Las Vegas, Nev. Dec. 27-28, R. J. Parden, 
1961 U. of Santa Clara 
Rocky Mountain University of Apr. 28-29, A. J. McGaw, 
: Wyoming 1961 Univ. of Wyoming 
Southeastern Univ of Mississippi April 20-21, W. J. Seeley, 
1961 Duke Univ. 
Southwest Univ. of Tulsa Apr. 7-8, 1961 G. B. Tims, Jr., 
Lamar State College 
Upper N. Y.-Ontario Clarkson College Oct. 6-7, R. D. Larsson, 
1961 Clarkson College 
Mid-Winter Meetings—1962 
Cooperative Education Jan. 23-25 University of Detroit 


Information: D. C. Hunt, Director of Coordination and Placement, University o| 


Detroit, Detroit, Mich. 


Engineering Graphics Jan. 1962 University of Wisconsin 
K. G. Shiels, Assistant Dean of Engineering, Univ. of Wisconsin, Madison, Wise 
College-Industry Conference Worcester Polytechnic Institut: 
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— New RONALD books for engineers . . . 


PRESTRESSED CONCRETE 


Design and Construction 
JAMES R. LIBBY, Consulting Engineer 


Just Published. A practical reference source for structural engineers, 
architects, and plant production managers, this book covers the theory 
and practices of prestressed concrete design and construction. Begin- 
ning with a discussion of basic concepts, a step-by-step development 
of flexure analysis methods is presented and time-saving design and 
computation expedients are described and demonstrated. Prestress- 
ing plant facilities, construction methods and equipment, and other 
practical matters that must be considered in preparing specifications 
are fully discussed. 1961. 480 pp. $12.50 


STATICALLY INDETERMINATE 


ST 


TE 


RUCTURAL ANALYSIS 
R. L. SANKS, Gonzaga University 


This new book offers a thorough treatment of three indeterminate 
analysis methods in wide use: moment area, virtual work, and mo- 
ment distribution; plus a concise presentation of other methods. It 
stresses understanding the theory, observing the interrelation of the 
several methods, and use of worthwhile computational shortcuts. 
The concept of cut-back structures is employed effectively for deflec- 
tions of calculations; the use of elastic checks is developed in detail. 
Nearly 550 problems, illustrated with 464 line drawings, are included. 
The Instructor’s Manual provides complete solutions to most typica 
problems. 1961. 626 pp. $10 


NSOR ANALYSIS of 


ELECTRIC CIRCUITS and MACHINES 


L. V. BEWLEY, Lehigh University 


A systematic introduction to the principles and applications of 
matrix-tensor methods of analysis in electrical engineering. Book 
covers the essentials of matrix theory with applications to circuits 
and networks; a brief development of the mathematical theory of 
tensor analysis; and the application of tensor analysis in developing 
equations of the generalized electric machine, with transformations 
to all known machines as special cases. Problems for solution are 
included. 1961. 375 pp. $12 


PHOTOGRAMMETRY and 
PHOTO-INTERPRETATION 


TH 


With a Section on Applications on Forestry 
STEPHEN H. SPURR, The University of Michigan 


Second Edition of “Aerial Photographs in Forestry” discusses and 
utilizes significant developments in the techniques of aerial photog- 
raphy, photogrammetry, and particularly in the growing art of photo- 
interpretation. Book brings together specialized material on the use 
of. aerial photographs in vegetation mapping, forest inventory, and 
forest management. Includes helpful line drawings, recent aerial 
photographs, pictures of new photographic materials and photogram- 
metric equipment. “Exceptionally interesting and instructive.”-—-Som 
SCIENCE. 1960. 472 pp. $12 


E RONALD Press COMPANY 


15 East 26th Street, New York 10, New York 
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Modern teaching aids such as this POST Slide Rule Demonstrator actually permit calcu- 
lations through use of an overhead projector. Wall-mounted demonstrator slide rules are 
also available. 


Does your slide rule course offer 
suf i icient challenge ? Despite increased emphasis on 


mathematics and science, slide rule curricula have not kept pace with the needs 
of technically-oriented students e Too often, slide rule courses aim too low, 
offer little opportunity for the advanced student to explore beyond the funda- 
mentals of elementary instruments and their relatively limited capacity e To 
provide a challenging stimulus, plus more than a nodding acquaintance with 
slide rule potential, many educators are now familiarizing their students with 
so-called professional-type slide rules, such as the universally-accepted Post 
Versalog e Its basic scales provide the same fundamental practice needed by 
all students, but additional scales give the undergraduate student the tool for 
speedy calculations in more advanced mathematics e To aid the instructor, 
Frederick Post Company make available a special demonstrator for overhead 
projection (shown in use above), as well as oversized demonstrator slide rules 


for wall mounting e For further information, write 
Educational Products Manager, Frederick Post Com- 
pany, 3650 North Avondale Avenue, Chicago 18, Ili. 
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We are pleased to announce 
the completing volume of 


ANALYTICAL ELEMENTS 
OF MECHANICS 


By Tuomas R. Kane, Stanford University 


The complete work will be available in ample 
time for use in fall classes. Volume 2, Dynamics, 
has just been published. If you have not yet seen 
this volume and would like to examine it before 
making a final choice of textbook, a desk copy will 
be sent by Special Delivery at your request. The 
two volumes will also be available in a combined 
edition within a few weeks. 


Volume 1 1959, 250 pp., $4.75 Volume 2 June 1961, 337 pp., $6.25 


Contents : Contents: 

Vector Algebra Differentiation of Vectors 
Centroids and Mass Centers Kinematics 

Moments and Couples Second Moments 

Static Equilibrium Laws of Motion 

Problem Sets Problem Sets 

APPENDIX APPENDIX 

INDEX. INDEX. 


Combined Edition, $9.75 


ACADEMIC PRESS New York and London 


111 Fifth Avenue, New York 3 17 Old Queen Street, London, S. W. 1 
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BESELER 
VU-GRAPH 

Te: 


Operated from the front of a fully 
lighted room the Vu Graph is a teach- 
er’s “electric blackboard.”’ Facing the 
class at all times, the teacher projects 
what he writes, as he writes it. A new 
word appears on the screen the instant 
he says it . . . step by step a problem 
is solved before the eyes of the entire 
class as he explains it. Almost with- 
out effort the Vu Graph becomes his 
“right hand of teaching.” 

To learn about the specific benefits 
of Vu Graph Overhead Projectors for 
your school write for a free, “‘no obli- 
gation” demonstration ... or “Vu 
Graph As An Instructional Aid,” a 
free, informative bocklet written for 
teachers by teachers. 


CHARLES BESELER COMPANY : 
218 So. 18th St., East Orange, New Jersey 


Order Form 


ENGINEERING COLLEGE 
RESEARCH REVIEW 


Mail to: 


W. L. Collins, Secretary 


American Society for Engineering 
Education 


University of Illinois 


Urbana, Illinois 


Please send me ....... copy/ies) 
of the 1961 Engineering College 
Research Review. 


Payment of $4.00 per copy is en- 
closed 0 


Send invoice with delivery 0 
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Holt, Rinehart and Winston, Inc. 


TECHNICAL DIVISION 


PRESENTS... Standard and forthcoming titles for 
Industrial Arts, Vocational Education, 
and Technical Institute training programs 


Complete — 


BASIC ELECTRICITY: Turner 


396 pages; 291 illus. 


Authentic — 


Practical — Easy to Use 


BASIC ELECTRONICS: Wilcox 
389 pages; 375 illus. 


These two recent texts, designed for use singly or in sequence, simplify vital instruction on the 
factors on which all electric-electronic developments are based. 


RADIO & TELEVISION RECEIVER 
TROUBLESHOOTING AND REPAIR: 


Ghirardi and Johnson 
822 pages; 417 illus. 


RADIO & TELEVISION RECEIVER 
CIRCUITRY AND OPERATION: 
Ghirardi and Johnson 


669 pages; 417 illus. 


BASIC ELECTRONIC TEST PROCEDURES: Turner 


316 pages; 190 illus. 


Outstandingly complete and understandable, these famous volumes are the modern successors to 
Ghirardi’s ‘(Modern Radio Service,’’ the most widely used text of its kind for many years. 


DOMESTIC OIL BURNERS AND OIL 


HEAT: Auslander 
400 pages; 300 illus. 


AIR CONDITIONING AND WARM 
AIR HEATING PRACTICE: Laub 


(for publication Oct. 1961) 


Clear, concise texts, fully illustrated, provide complete training in these rapidly growing fields. 


ELECTRIC MOTOR REPAIR: Rosen- 


berg 
560 pages; over 900 illus. 


The most famous, widely used text of its 
kind for practical instruction in repairing and 
maintaining all commonly used AC and DC 


motors and generators. 


SEMICONDUCTOR DEVICES: Turner 


278 pages; 246 illus. 


A useful, easily understood guide to all semi- 
conductor types, their functions, uses, appli- 


cations, testing, and measurements. 


INDUSTRIAL CALCULATING DE- 


VICES: Wilcox and Butler 
(for publication Oct. 1961) 


Covering a considerably broader field 
than the usual slide-rule text, this 
book includes vectors ‘and vector al- 
gebra and is suitable for the student 
interested in learning all important 
calculating techniques consonant with 
his technical training. 


DIGITAL COUNTERS AND COM- 
PUTERS: Bukstein 


248 pages; fully illus. 


A basic guide to modern computer theory, 
design, and application including output 
interpretation. 


These and many other Technical Division 
titles are specifically written, illustrated, and 
arranged for maximum efficiency in today’s 
Technical Institute training programs. Send 
coupon for complete technical catalog. 


| Technical Division, 

] HOLT, RINEHART and WIN= 
STON, Ince., 
383 Madison Ave., 

| New York 17, N. Y. 


1 Please rush complete catalog of tech- | 
| nical titles with full descriptions, 
' prices, and discount information. 


1 School Affiliation ................. ! 
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Recipients of 
Graduate 
Degrees 

are invited to 

investigate 
Careers 
in 
A 
NEW 
ERA OF 
SPACE 


TECHNOLOGY 
LEADERSHIP 


JOUR. ENG. ED.—June 


TODAY Space Technology Laboratories, Inc. is en- 
gaged in a balanced program of diversification and planned 
growth. 


PROGRAMS. Research, development, design, and 
construction of three Orbiting Geophysical Observatories 
for NASA. Systems engineering support and technical 
consulting services for the Army Advent program. Sys- 
tems engineering and technical direction of the Atlas, 
Titan, and Minuteman weapon systems for the Air Force. 
Original and applied research in a broad spectrum of 
technical disciplines: particle physics, solid state theory, 
guidance, space physics, communication theory, propul- 
sion and power, and electromagnetic systems in the infra- 
red, ultraviolet and microwave regions. 


FACILITIES. Under construction on a 110-acre site 
at Redondo Beach, near Los Angeles International Air- 
port, is the STL Space Technology Center comprising 
ten buildings specially designed for research and develop- 
ment in missile and space systems, for the fabrication and 
environmental test of subsystems and components, and 
for the production of scientific and technical devices 
derived from STL’s sustained research program. These 
new facilities will be augmented by the STL research and 
fabrication installation at Canoga Park, California. 


If you are now completing a program leading to a masters or 
doctoral degree, STL suggests that you investigate one or 
more of the following areas: 


THEORETICAL PHYSICS SPACE PHYSICS 
EXPERIMENTAL PHYSICS SOLID STATE PHYSICS 
APPLIED MATHEMATICS DIGITAL COMPUTERS 

SPACE COMMUNICATIONS COMPUTER DESIGN 

RADAR SYSTEMS GUIDANCE & NAVIGATION 
ANTENNAS AND MICROWAVES TELECOMMUNICATIONS 
INERTIAL GUIDANCE ELECTROMECHANICAL DEVICES 
ANALOG COMPUTERS ENGINEERING MECHANICS 
AEROPHYSICS APPLIED AERODYNAMICS 
PROPULSION SYSTEMS SYSTEMS ENGINEERING 


Contact your placement office for an application, or send 
your inquiry to: 

College Relations, Space Technology Laboratories, Inc., 
P.O. Box 95004, Los Angeles 45, California. 


All qualified applicants considered regardless of race, 
creed, color, or national origin. 


Space Technology Center ae 
Space Park * Redondo Beach, Calif. 


TECHNOLOGY 
LABORATORIES, INC. 


a subsidiary of Th Ramo Wooldridge Inc. 
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A Completely NEW Drafting text 


that matches your teaching 


of MODERN industrial practices 


ENGINEERING 
TECHNICAL 
DRAFTING 
GRAPHICS 


W. GIACHINO HENRY Jj. BEUKEMA 
Head, Department of Engineering and Supervisor of Drafting, Department of 
Technology, Western Michigan Univer- Engineering and Technology, Western 
sity, Kalamazoo Michigan University, Kalamazoo 


This new text for 1961 has many newjfeatures. Following are just a 
few of the features which can be checked against your present text. 


Based on a study of the practices of over 250 large manufacturers. Graduates 
will not waste months on their first job finding out “what is going on.” 

Provides latest information on mechanized selection of drawings and micro-film- 
ing practices. Promotes use of professional time savers. 

No copy work beyond orientation chapters. Engineers’ freehand sketches or word- 
descriptions stimulate design effort. Hundreds of actual industrial problems. 

Dimensioning is functional. Uses both fractional and decimal dimensioning 
throughout. 

Design, industrial processes, and production methods are an integral part of the 
appropriate sections. Not a revised book but a completely new, carefully integrated, 
course that has proved that graduates will meet industry's requirements. 

Provides the most complete, authoritative and up-to-date compilation of drafting 
information published. 


Contents: Drawing equipment, materials and instruments. Basic drawing techniques. 
Engineering lettering. Geometric construction. Multiview projections. Dimensioning. 
Precision dimensioning. Sectional views. Auxiliary views. Fasteners. Welding draw- 
ings. Production drawings and operations. Drafting department practices. Gears and 
cams. Pictorial drawings. Sketching. Architectural drafting. Structural drawing. 
Plumbing, heating, electrical drawing. Map drawing. Descriptive geometry and revo- 
lutions. Developments and intersections. Graphs and charts. Tool and die drawing. 
Simplified drafting. Patent drawing. Reproduction of drawings. Appéndixes. Index. 


784 pages. Over 1200 illus. Washable cloth binding. $9.75 
SEND FOR AN ON-APPROVAL COPY 
AMERICAN TECHNICAL SOCIETY 
DEPT. W-431 e 848 East 58th Street @ Chicago 37, Illinois 
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THERMOSTATICS 
AND 
THERMODYNAMICS 


by MYRON TRIBUS, Provessor of Engineering, University of California (Los 
Angeles), and Dean-elect of Thayer School of Engineering, Dartmouth College 


A REVOLUTIONARY NEW TEXT 


using statistical methods 
for undergraduate thermodyna nics 


Adopting an approach suggested in 1957 by Professor E. T. Jaynes, this 
pioneering text makes possible the use of statistical mechanics in teaching ther 
modynamics to undergraduate engineering students. Professor Tribus takes the 
ideas of information theory as primitive and more basic than thermodynamies, 
and then derives the principal formulae of statistical mechanics. The laws of 
thermodynamics are also readily derived. This new approach has been thor 
oughly tested in preprint form at several leading colleges and universities. 


September 1961, 712 pages 


“It is truly an excellent piece of work and noble effort aimed at a point of 
view which has implications throughout the engineering curriculum and nét 
only in thermodynamics. A point of view which is long overdue in an engineers 
background as a basis for his understanding and for his handling of the problems 
he must face more and more frequently now and in the future.” 


“The text is excellent in showing the broad applicability of thermodynamie 
to all fields of engineering.” —from prepublication reviews 


D. VAN NOSTRAND COMPANY, ING. 


120 Alexander Street Princeton, New Jerse 
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INSTRUCTIONAL 
WATER 


TURBINES 
FOR 


HYDRAULICS 
LABORATORIES 


KAPLAN 
FRANCIS 

TURGO IMPULSE 

PELTON WHEEL 
DYNAMOMETER PUMP SETS 
VENTURI METERS ETC. 


AGENTS 


C. A. Auffmordt & Co., 
225 Fourth Avenue, 
New York, 3, N.Y. 


Misco, Incorporated, 
1123 West Hanford Street, 
Seattle, 4, Washington. 


Write for 
bulletin 
M 6. 


GILBERT GILKES & GORDON LTD 
WATER TURBINE & PUMP MANUFACTURERS 
KENDAL __ Telephone: Kendal 28 ENGLAND 
London Office: CRAVEN HOUSE, KINGSWAY, LONDON, W.C.2. Tel: HOLBORN 323! 
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Important New McGraw-Hill Books— 
PEACETIME USES OF OUTER SPACE 


Edited by SIMON RAMO, Thompson Ramo-Woolridge, Inc. Ready 

in August, 1961. 
This remarkable volume brings together outstanding scientists, educators, politicians, and 
businessmen for an examination of the coming space age. Emphasizing the peacetime, non- 
military aspects of space technology, the book seeks to heighten public responsiveness to the 
full impact of science and technology in shaping our future. Contributors include: Leston 
Faneuf, J. H. Doolittle, Lloyd V. Berkner, Congressman Overton Brooks, Ralph J. Cordiner, 
Willard F. Libby, Vice Admiral John T. Hayward, Joseph Kaplan, Morris Neiburger, Brigadier 
General Don D. Flickinger, Leo Goldberg, Edward Teller, and Frederick R. Kappel. 


METEOR SCIENCE AND ENGINEERING 


By D. W. R. McKINLEY,’ National Research Council, Ottawa, Canada. 
309 pages, $12.50. 


A technically sound and highly interesting review of the study of meteors slanted toward the 
radio engineer. Major emphasis is placed on the interesting and useful connections that 
have developed in recent years between the modern science of radio and the small flying 
particles known as meteors. 


GROUND SUPPORT SYSTEMS FOR MISSILES 
AND SPACE VEHICLES 


By KENNETH BROWN and PETER B. WEISER, University of Cali- 
fornia Engineering Extension Series. Ready in July, 1961. 
Presenting a complete description of the systems required to support either a missile ora 
space vehicle. Directed toward the engineer having no prior acquaintance with ground sup- 
port systems, the text approaches the system as a whole unit—assuming that the missile is 
merely one small portion and that each of the subsystems involved is merely an integral part 
ofthe overallsystem. All subsystems are considered with full discussions of recent advances. 


ELECTROMECHANICAL SYSTEM THEORY 


By HERMAN E. KOENIG, Michigan State University; and WILLIAM 
A. BLACKWELL, General Dynamics Corporation. The McGraw-Hill 
Electrical and Electronic Engineering Series. Ready in July, 1961. 


This pioneering work introduces into the literature of engineering a ‘‘discipline of lumped- 
parameter system analysis.’’ This discipline is based on an expanded concept of conven- 
tional electrical network theory, and thereby brings into the domain of E.E. analysis a vastly 
broader scope of problems. The book develops the discipline, and shows specifically how a 
single set of engineering concepts is applied to the analysis of a wide variety of mixed systems. 


MECHANICAL BEHAVIOR OF MATERIALS 
AT ELEVATED TEMPERATURES 


Edited by JOHN E. DORN, University of California, Berkeley. Ready 
in June, 1961. 


A senior-graduate text and reference book containing a series of coordinated chapters by 
nationally recognized authorities on various aspects of the scientific basis and engineering 
application of the latest information on high temperature behavior of materials. The major 
intent of the book is to provide a systematic background for the scientist and engineer in 
dislocation theory and its application to creep and related high temperature properties. 


Send for copies on approval 


McGraw-Hill Book Company, Inc. 
330 West gond Street New York 36, N. Y. 
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